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INTRODUCTION 

Assalamu’alaikum. Wr. Wb. 

 All praise is due to Allâh, the Lord of the Worlds. All praise and gratitude we pray to the presence of Allah SWT 

who has bestowed His grace and guidance so that this proceeding can be fulfilled properly. The proceedings contain of 

papers from national and international that have been presented and discussed in the International Conference on 

Technology and Applications held by the Engineering Faculty, Bhayangkara University Of Surabaya on Saturday, July 29, 

2017. The topic of this conference is "The Role of Technology in Sustainable Development in The Era of the ASEAN 

Economic Community ". 

 This proceeding is arranged to collect and share ideas and research results related to innovation in technology 

development. In addition, the topic is chosen with a wide scope and international scale so that many related stakeholders 

can participate in this conference. Nevertheless the target of the topic is more focused on the results and efforts of the 

researchers / professionals in contributing to support the growth of national and international industries, especially in the 

field of industrial technology, engineering and informatics. In the accomplishment of this proceeding, we realize that there 

is a lot of support from various parties. Therefore, the committee expressed his gratitude and gave the highest appreciation 

to: 

1. Rector of Bhayangkara University Of Surabaya, Drs.EdyPrawoto, S.H., M.Hum., Who has provided support and 

facilities in this activity. 

2. Dean of Engineering Faculty, Bhayangkara University Of Surabaya, Dr. Bambang Purwahyudi, S.T., M.T., for 

all the support and motivation in this activity. 

3. All guest speakers, Prof. Taufik, Dr. Boonyang Plangklang, Dr. Gautam Kumar Jha. 

4. Mr / Mrs. / Students all the committee who have taken the time, energy, and thought for the success of this event.  

5. Mr / Mrs all lecturers and officials contributing articles articles of research and scientific thinking in this 

international conference. 

 We realize that this proceeding certainly has many shortcoming, therefore, we expect all suggestions and criticism 

for the improvement of proceedings in next year’s issue. Finally we hope this proceeding can be beneficial for all related 

participant. 

Wassalamualaikum. Wr. Wb. 

         Surabaya, July 12, 2017 

         Chairman of Committee  

  

          M. Mahaputra Hidayat, S.Kom, M.Kom 
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RECTOR’S OPENING SPEECH AT 

INTERNATIONAL CONFERENCE ON TECHNOLOGY AND APPLICATIONS 2017 

 

Honorable Delegates, Respected Chairs, Distinguished Guests 

Ladies and Gentlemen, 

It is my great pleasure and honor to welcome you all at the opening ceremony on the International Conference 

on Technology and Applications 2017 on the topic of “The Role of Technology in Sustainable Development in the Era of 

the ASEAN Economic Community”. I am very happy and grateful that many distinguished scholars, academician, 

engineers have come from both local and abroad to share their knowledge and experience and to explore better ways of 

educating our current and future generations on the role of technology in sustainable development. 

To our keynote speakers, welcome and thank you for spending your valuable time with us to deliver the keynote 

speeches. Especially to Prof. Taufik, who came all the way from America. This International Conference is intended to 

disseminate information to the general public on the latest developments in the area of Sustainable Technology. It would 

provide a common forum for researchers, scientists, engineers and practitioners not only in Indonesia but throughout the 

world to present their latest research findings, ideas, developments and applications of Sustainable Technology. 

We live in a world which is increasingly integrated economically, and is affected by global challenges such as 

climate change, food security and environmental degradation. The recent financial and food crises have reminded us that 

the world is changing quickly and dramatically. The challenges of providing a growing population with appropriate food, 

water, shelter, and livelihoods, without further degradation of the environment are being taken up worldwide. In the current 

set of proposed Sustainable Development Goals (SDGs) before UN  Member States, there are goals and targets which 

relate to economic growth, infrastructure, energy, and strengthening capacities to create new technologies to help facing 

the challenges ahead. ICTA is one of the answers given by UBHARA to help achieving those Goals. 

We know that these challenges call for big partnerships to tackle them head-on. The Community of endeavor 

represented here today must be part of these partnerships. Through meetings like this one, global knowledge and insights 

can be shared and applied to building the better, fairer future the world’s people want and deserve. By harnessing 

humanity’s knowledge and technologies, and by ensuring access to new technologies, we can fulfil our destiny of being 

the first generation able to eradicate extreme poverty, and the last generation able to prevent catastrophic climate change. 

I hope that over the next hours you will have a most productive and stimulating discussion. I sincerely wish that 

this conference will be a great success not only as a chance to share knowledge and experience in sustainable development 

but also as the beginning of a long and fruitful cooperation and friendship among fellow educators and presenter devoted 

to the most meaningful and worthwhile task of protecting our environment and natural resources by teaching and training 

our younger generations, who will shape our future. 
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Before I end my speech, allow me to quotes from Albert Einstein that said “Play is the highest form of research”. 

For our foreign guests and guests from other parts of Indonesia, please enjoy our lunch and meals that we have prepare for 

you. I wish you all a happy and enjoyable stay in Surabaya. Thank you very much. 

 

 

 

 

             Rector Bhayangkara University Of Surabaya 

 

 

      Drs. Edy Prawoto, S. H., M. Hum. Brigjendpol (purn.) 



v 
 

EDITORIAL BOARD MEMBERS 
Person in Charge 

 Dr. Bambang Purwahyudi, S.T, M.T 
 (Dean of Engineering Faculty of Bhayangkara University Surabaya) 

Chairman 

 M. Mahaputra Hidayat, S.Kom, M.Kom 

Members 

Rani Purbaningtyas, S.Kom, M.T 

Anis Suryaningrum, S.T, M.T 

Herti Miawarni, S.T, M.T 

Hasti Afianti, S.T, M.T 

Yuni Hartini, S.H 

Hermawan Yulianto 

Rifky Fahrial Z, S.T, M.Kom 

Diana Rapitasari, S.E, M.M 

Juli Nurani, S.H, M.M 

Richa Watiasih, S.T, M.T 

Achmad Yulianto, S.T, M.T 

Amirullah, S.T, M.T 

Rahmawati F. Tyas, S.Kom, M.T 

Nanik Setyaningsih, S.Pd 

R. Dimas Adityo, S.T, M.T. 

 

Administration and Finance 

 Anis Suryaningrum, S.T, M.T 
 Herti Miawarni, S.T, M.T 

Dr. Ir. Saidah, M.T 

Ir. Tri Wardoyo, M.T 

Eko Prasetyo, S.Kom, M.Kom. 

Ir. Wiwiet Herulambang, M.Cs 

Agus Kiswantono, S.T, M.T 

Agus Mahmudi, S.T, M.T 

Syariful Alim, S.Kom, M.Cs 

Mas Nurul Hamidah, S.ST, M.T 

Arif Arizal, S.Kom, M.Cs 

Irwan Kurnia Andrianto, S.T, M.T 

Fardanto Setyatama, S.T, M.MT 

Ahmad Faza Azmi, S.T, M.T 

Heru Kusnadi 

Widodo Pujiarto



vi 
 

RUNDOWN ICTA  
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07.00 – 08.00 Registration  
08.00 – 08.30 Opening Ceremony 

 

08.00 – 08.05 Sparkling Surabaya Dance 
08.05 – 08.10 Indonesia Raya Anthem 
08.10 – 08.20 Opening Speech by the Chief of 

Commitee  
08.20 – 08.30 Opening Speech by the Rector of 

UBHARA 
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08.30 – 08.40 UBHARA and JNU 
08.40 – 08.50 UBHARA and UPHSD 
08.50-08.55 Photo Session (Presenters and VIP 

Guests) 
08.50 – 09.00 Security Session by Best Western Papilio 
09.00 – 09.30 Coffe Break  
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Moderator : 
Ahmad Faza Azmi, ST, MT 

10.10 – 10.25 Q and A Session 
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10.30 – 11.10 Presentation by Dr. Gautam Kumar Jha 

Moderator : 
Rifki Fahrial Zainal, ST, M.Kom 

11.10 – 11.50 Presentation by Dr. Boonyang Plangkang 
11.50 – 12.15 Q and A Session 
12.15 – 12.20 Summary of Presentation 
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Participant separated into four groups 
 
 

15.30 – 16.00 Coffe Break  
16.00 – 16.30 Closing Ceremony 

 
 Photo Session 

 



Proceeding of            ICTA 
INTERNATIONAL CONFERENCE ON TECHNOLOGY AND APPLICATIONS 
 

vii 
 

TITLE PAGE                  i 
INTRODUCTION                ii 
RECTOR’S OPENING SPEECH               iii 
EDITORIAL BOARD MEMBERS               v 
RUNDOWN                vi 
 
RISK ANALYSIS ON PILE FOUNDATION OF HIGH RISE BUILDING IN SURABAYA 
Mohamad F.N Aulady, Felicia T. Nuciferani           1-7 

CLASTERING TYPE OF BEST GRAMEDIA PUBLISHER SELLER PAPER USING SHRINKING SHARED 
NEAREST NEIGHBORS METHOD 
Nurvidi Ratna Sari, Rifki Fahrial Zainal, Rani Purbaningtyas       9-13 

RELATIONSHIP BETWEEN DATA REDUCTION AND PERFORMANCE IMPROVEMENT OF 
CLASSICATION WITH K-SUPPORT VECTOR NEAREST NEIGHBOR 
Eko Prasetyo                       15-21 

DOUBLE FUZZY-PI CONTROLLER BASED SPEED CONTROL OF PERMANENT MAGNET 
SYNCHRONOUS MOTOR 
Bambang Purwahyudi                      23-29 

SIMSOYA3D: A DATA-DRIVEN'S SIMULATOR OF SOYBEAN'S GROWTH MODELING USING 
TRAINABLE PARAMETRIC L-SYSTEM AND ANFIS ALGORITHM 
Wiwiet Herulambang                      31-39 

CLASSIFICATION OF ACTIVE SELLING DETERMINATION FOR BOOK PRODUCTS USING C4.5 
ALGORITHM (CASE STUDY: PT.KOMPAS GRAMEDIA NON GAM DIVISION) 
Dian Putri Ambarwanti,  Rifki Fahrial Zainal., Syariful Alim                  41-47 

MAZE SOLVING RETURN TRIP FOR MOBILE ROBOT USING DEEP FIRST SEARCH METHODE 
Richa Watiasih,  Kuspijani, Prihastono, Ramdani                   49-54 

THE IMPLEMENTATION OF COMPETENCY CERTIFICATION EXPERTISE AND SKILLS OF 
CONSTRUCTION LABORS IN SURABAYA CITY 
Miftahul Huda,  Agus Purwito,  Ahmad Faza Azmi                   55-62 

BI-DIRECTIONAL FLYBACK DC-DC CONVERTER FOR THE DC HOUSE PROJECT 
Taufik,  Austin Luan                      63-72 

A SINGLE BOARD BUCK AND BOOST BIDIRECTIONAL DC-DC CONVERTER FOR DC HOUSE 
ENERGY MANAGEMENT SYSTEM 
 Taufik,  Zack Eldredge, Zoe Hay                     73-81 

TECHNOLOGY MANAGEMENT OF SUNFLOWER SEED PROCESSING INDUSTRIAL AS A 
SUSTAINABLE HEALTH PRODUCT 
Vieqi Rakhma Wulan                           83-88 

THE APPLICATION OF COST-SIGNIFICANT MODEL ON THE ESTIMATED COST OF RESIDENTIAL 
PROJECT IN SURABAYA, GRESIK, AND SIDOARJO 
Ahmad Faza Azmi, Miftahul Huda                     89-94 

 



Proceeding of            ICTA 
INTERNATIONAL CONFERENCE ON TECHNOLOGY AND APPLICATIONS 
 

viii 
 

CONTROL SYSTEM AND MONITORING OF SOLAR CELL  LIGHTING BASED ON ANDROID USING 
ARDUINO UNO 
Ahmadi, Kuspijani, Prihastono                   95-102 

SELECTING PRIORITY ON INFORMATION TECHNOLOGY WORK PLANS USING AHP : A CASE 
STUDY IN CLINICAL LABORATORY POPULER 
Fardanto Setyatama                  103-111 

DESIGN ANALYSIS OF SOLAR POWERED SYSTEM FULL FLEXIBLE 10 WP CAPACITY 
Jaffarudin S.W, Agus Kiswantono                 113-118 

ROAD MAINTENANCE MANAGEMENT USING PAVEMENT CONDITION INDEX (PCI) SURVEY 
Tisara Sita                   119-129 

VIBRATION DATA CLASSIFICATION WITH FAST FOURIER TRANSFORM AND NEUTRAL NETWORK 
Kuspijani, Richa Watiasih, Prihastono                131-139 

DC MOTOR CONTROLLER DESIGN FOR TRACKING ANTENNA SYSTEM BASED ON CVBS ANALOG 
SIGNAL PROCESSING 
Herti Miawarni, Eko Setijadi                 141-148 

CLASSIFICATION OF SCOUT SKILL USING NAÏVE BAYES CLASSIFIER ALGORITHM 
 Rizky Yudha Pramudhika, Rifki Fahrial Zainal, Rani Purbaningtyas             149-156 

FUZZY LOGIC BASED FAULT CLASIFICATION OF INDUCTION MOTOR BEARING USED IN HOME 
WATER PUMP SYSTEM 
Dwi Hendra Wicaksono,  Bambang Purwahyudi               157-163 

MELANOMA CLASSIFICATION USING AUTOMATIC  REGION GROWING FOR IMAGE 
SEGMENTATION 
Rarasmaya Indraswari,  Wiwiet Herulambang,  Rika Rohkana              165-172 

ANALYSIS AND DESIGN SIDOARJO ON HANDS (SOH) SYSTEM  FOR SUPPORTING SIDOARJO 
POTENTIAL PROMOTION 
Rani Purbaningtyas,  Arif Arizal, Tri Wardoyo               173-178 

POWER FACTOR CORRECTION OF  THREE PHASE AC-DC CONVERTER VIA CURRENT 
CONTROLLER AND PWM TECHNIQUE 
Saidah                    179-185 

FORECASTING GOLD PRICES USING SINGLE EXPONENTIAL SMOOTHING METHOD (SES) AND 
DOUBLE EXPONENTIAL SMOOTHING METHOD (DES) 
Hikmah Maharani Iqomatul Haq, M. Mahaputra Hidayat, Rifki Fahrial Zainal            187-192 

NOISE MINING USING MODIFIED SHARED NEAREST NEIGHBORS ALGORITHM 
Rifki Fahrial Zainal                  193-198 

APPLYING USABILITY TESTING ANALYSIS OF INDONESIAN ONLINE TRAVEL AGENT WEBSITE 
FOR FLIGHT TICKET SALES 
Fenny Iwantono, David Boy Tonara .                199-204 

 



Proceeding of            ICTA 
INTERNATIONAL CONFERENCE ON TECHNOLOGY AND APPLICATIONS 
 

ix 
 

POWER QUALITY PERFORMANCE OF MULTI PHOTOVOLTAIC CONNECTED TO GRID UNDER 
VARIABLE SOLAR TEMPERATURE AND IRRADIANCE LEVEL 
Adiananda,  Agus Kiswantono,  Amirullah                205-216 

ANIMATION CONTROL FOR DIGITAL STORYTELLING USING HAND MOTION CAPTURE BASED 
FINITE STATE MACHINE 
Rahmawati Febrifyaning Tias                 217-223 

SINGLE EXPONENTIAL SMOOTHING METHOD IN FORECASTING NUMBER OF RAINY DAYS PER 
YEAR BY DISTRICT OF OBSERVATION STATIONS LAMONGAN 
Bima Satrya Latgatama, Rifki Fahrial Z,  M. Mahaputra Hidayat             225-230 

BOSST CONVERTER DESIGN DC-DC THROUGH INVERTER PROCESS AND VOLTAGE MULTIPLIER 
Son Haji, Kuspijani,  Prihastono                 231-233 

INTELLIGENT EDUCATION MONITORING SYSTEM USING ARTIFICIAL NEURAL NETWORK BASED 
ON DATA MINING APPROACHES 
M. Mahaputra Hidayat                  235-242 

EFFECT OF MIXTURE COMPOSITION OF BAGASSE CANE, COCONUT SHELL CHARCOAL, AND 
TAPIOCA ADHESIVE TO BIOEPELET QUALITY 
Reni Masrida, Bungaran Saing, Elvi Kustiah, Hesty Rudiyanti                           243-251 

APPLICATION OF K-MEANS METHOD IN MONITORING SYSTEM OF BASED ON ANDROID 
STUDENTS (CASE STUDY: SMK YPM 4 TAMAN) 
Mohamad Faisal, Rifki Fahrial Zainal, M. Mahaputra Hidayat              253-257 

FORECASTING SYSTEM OF LIBRARY BOOKS USING SINGLE SMOOTHING EXPONENTIAL  
(CASE STUDY BHAYANGKARA SURABAYA UNIVERSITY LIBRARY) 
Deddy Gita A.P, Rifki Fahrial Zainal, M. Mahaputra Hidayat              259-265 

ANALYSIS OF SERVICE QUALITY INFLUENCE ON E-COMMERCE CUSTOMER SATISFACTION (CASE 
STUDY TRAVELOKA) 
Muhamad Syafik, Rinabi Tanamal                 267-270 

INTERLINKING CONVERTER IN HYBRID AC/DC MICROGRID 
Hasti Afianti                   271-276 

IMPLEMENTATION OF BARCODE AND QR-CODE SCANNER ON ANDROID APPS RETAIL SHOP 
APPLICATION BASED ON CLOUD COMPUTING BY USING LAPLACIAN SHARPENING METHOD 
R. Dimas Adityo, Aldita Budi Susanto, M. Mahaputra Hidayat              277-283 

CLASSIFICATON OF COMPUTER NETWORK ATTACTS BY USING IDS SNORT BASED ON THE FUZZY 
C MEAN METHOD 
R. Dimas Adityo, Mustofa Syawaluddin, Arif Arizal                285-292 



Proceedings of The 2017 International Conference on Technology and Applications  
Surabaya, Indonesia, July 29, 2017 

1 
 

RISK ANALYSIS ON PILE FOUNDATION OF HIGH 
 

RISE BUILDING IN SURABAYA 
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ABSTRACT 

 

Project is a dynamic activity; it will be a lot of risk that will occur in a project due to its dynamic nature. If the risk is not 
well controlled, it wf32ill lead incompatibility to project specifications, in terms of cost, quality, and time. Therefore, it 
needs risk management. The application of risk management on construction project has been done considerably. 
However, most of managed risk are still general. The aim of this research is to specifically review the risks involved in a 
building, particularly high rise building construction in Surabaya which has pile foundation. Risk identification performed 
in this research is to determine the level of risk probability and impact on cost performance. The results of the first stage 
questionnaire were analyzed by the risk matrix method to determine the risk rating. Furthermore, this research also 
attempts to provide risk responses to the experts regarding of down structure field. The result of the second stage 
questionnaire were analyzed to decide the risk response policy. The high risk factor on pile construction are the disrepair 
of retaining wall and the large of foundation shifting, one of the causes is the changing of soil characteristic around the 
foundation with the type of A2 response, it means that the project is accepted and the risk is controlled by the careful 
planning. 

 

Keywords: Foundation, Risk identification, Risk response, Risk Management, Pile  

1. INTRODUCTION 

Project is an activity that has a certain period of time with limited resources allocation [1].Hence, project is a 
dynamic activity, the dynamicity will lead uncertainty that causes the risk in project. Every project has different risk of 
each activity. Therefore, Risk management has an important role on the construction building project. Construction risks in 
general are phenomena that affect the project objectives of cost, time and quality. Each stage of the project is related to the 
various risks and uncertainties that affect both quality and quantity [2]. Risk management is managing the risk from the 
start to the completion of the project, started with active risk identification, then assessing those risk level, so that the 
management priority is obtained. Finally, determining the completion steps in order to minimize the risk as much as 
possible. Thus, it is necessary to do the risk identification for each activity of the project. 

Risk management on building construction projects has already done considerably. However, it still refers to 
general aspects or general risk on the project. Whereas, every project has different activity that cause the general risk 
could not be applied in the specific project. The building construction project done in Surabaya city are mostly a mall 
and apartment projects, the mall and apartment construction project can be regarded as a high risk project 
considering the workload quality and the high structure that will be constructed. The construction process of this 
project takes long period with high complexity, causing to various risks, starting from the general risk to the specific 
risk. In the construction project, the very influential working stage on the deviation of project goal is the foundation 
work. The foundation is the lowest structural part of the building that passes building load to the ground or the rocks 
located underneath. The pile foundation is used to carry the building load located above water or soft soil to the 
ground, in order to pass the load to a relatively soft soil until a certain depth so that the building foundation is 
capable of providing sufficient support to the load [3]. If it is not properly managed, the foundation work is very 
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risky to the project goal, in terms of cost, quality, and time. The foundation work is also the work that is done 
earliest. If this foundation work experience the delay process. The delay could also be happening due to inability to 
manage the risk. In the other hand, the risks that may appear in the foundation work is cost expansion. 

According to the background described above, the aim of this research is to determine various risk and risk 
response regarded as high risk on foundation work in Surabaya. This research is focus on the risk identification 
based on the contractor point of view and the response done toward risk factor regarded as high risk. This research 
expect that the practitioners could determine the risk on foundation work before construct the building. Thus, the risk 
can be reduced. It is also expected that the practitioners can responses the risk properly based on the expert 
experience. 

2. METHODOLOGY 

 

Figure 1. General Flowchart for this research 

2.1. Collect Data 

Data collecting is done by spreading the questionnaire to the determined project as the research 
location. Data collecting is done to determine the information needed in obtaining the research purpose, the 
purpose is showed in hypothesis form that is temporary response toward research question. So that, the 
response still need to be examined empirically. Thus, it needs data processing. According to the scope of 
the research, the analysis is only done on Construction project of Tujungan plaza 6 Surabaya, Marvel City 
Apartment, Gunawangsa Tidar Apartment, Ciputra World Soho and Apartment. The number of respondent 
in this research is determined by using purposive sampling technique. The purposive sampling technique is 
determination sampling technique by certain consideration or selection of subject group adjusted with the 
criteria based on the research purpose. Based on the sampling technique, 3 respondents are determined 
from each project: Project Manager, Site Manager, and field executive. Because, the three determined 
respondents have many experience in implementing project. The data used in this research are as follows: 

1) Primary data 
Primary data were collected from respondents by directly distributing questionnaires to the projects that 
were or have been done the soil research, retaining and foundation work. The form of questionnaires 
used in this study is a stratified questionnaire, stratified questionnaire is the respondent's answer 
accompanied by a stratified statement. which shows the scale of attitudes covering the range from the 
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lowest to the highest towards the statement. Respondents in the research are Project Manager, Site 
Manager and field Executive. The method used to process the data obtained from the questionnaire is 
the risk matrix method. 

2. Secondary Data 
Secondary data is a data or information generated from literature studies, such as: books, journals, and 
relevant previous studies. 

2.2. Data Analysis 

The data analysis in this research done by descriptive quantitative survey, the survey is specified 
by the scale on respondent response. The measurement of respondent perception is done by using 
Likert Scale then it is processed to determine risk identification. 

2.2.1. Risk Identification 

Based on the processed data, risk identification is obtained as the following table. 

 Table 1. Risk Identification for pile foundation  

Code Risk factor Source 

X13 The failure for determining foundation assembly point [4] 

X14 Waiting period until the concrete is ready to use for long-term period [4] 

X15 If it requires cutting in its implementation, it will be difficult and will take a long period [4] 

X16 The disrepair of the retaining wall [5] 

X17 The previous work is late [5] 

X18 The fault of foundation design [6] 

X19 The Fault of determining the foundation dimension [6] 

X20 The cost is high [4] 

X21 The foundation shifting is large [4] 

 

2.2.2. Risk Analysis 

Measuring respondent perception cannot be directly processed because the value is still qualitative, 
so it must be quantified by giving a scale on respondent answer, by specifying the code to facilitate the 
data processing mathematically [7]. There are two types of risk analysis, as follows: 

1. Qualitative risk analysis 
Qualitative data can simply be interpreted as not number data. In qualitative data, the data 
cannot be performed as mathematical operations [5] Qualitative data can be divided into two, 
nominal and ordinal data. The nominal data is the lowest data in the data measurement level. 
While ordinal data is higher than the nominal data. 

2. Quantitative Risk Analysis 
Quantitative data can be interpreted as the form of numbers. Thus, various mathematical 
operations can be performed on quantitative data [5]. 

In this research we first conduct quantitative risk analysis to determine the most dominant risk. Each 
expert is given a question based on table 1. The experts will give a value of 1-5 for how much risk 
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factors that may occur and also how much impact is on the same scale. Then the expert answer is 
averaged with the formulation below: 

 

�����	����� = 	
(����)�(����)�(����)�(����)�(����)

�
                      (1) 

 

Which: 

F1 = respondents answer frequency that answer scale 1 

F2 = respondents answer frequency that answer scale 2 

F3 = respondents answer frequency that answer scale 3 

F4 = respondents answer frequency that answer scale 4 

F5 = respondents answer frequency that answer scale 5 
 
 
 

 

 

 

 

 

 

Figure 2. Matrix table of risk category 

After this process, we will obtain probability and impact value in each risk factor. It will be 

compared to figure.2 to determine risk category. 

The entry process of matrix table is done by substituting the result of risk index formula to 
determine probability and impact scale. The result of risk index formula is analyzed using matrix 
table with Probability x Impact (P x I) formula. 

After substituting those results, it is continued by multiplying the scale on the probability and 
impact column as follows: 

Table 2. Risk analysis based on impact toward the cost 
 

CODE P I P x I Risk Categories 

X13 2.6 3.1 8.06 Medium 

X14 2.8 2.6 7.28 Medium 

X15 2.6 3.8 9.88 Medium 

X16 5 5 25 High 

X17 3 3.2 9.6 Medium 

P
rob

ab
ility

 

5  5   10   15   20   25     

4  4   8   12   16   20   Low Risk  

3  3   6   9   12   15   
Medium Risk 

 

2  2   4   6   8   10    

1  1   2   3   4   5   High Risk  

 1 2  3 4 5     
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X18 2.8 3 8.4 Medium 

X19 2.6 3.8 9.88 Medium 

X20 3.2 2.5 9 Medium 

X21 3.6 4.8 17.28 High 

 

Sources: Processing data (2016) 

The result of multiplying Probability x Impact (P x I) on Table 2 become the reference to determine 
risk factor that may cause the dominant impact toward the cost. Based on Table.2 we will obtain 2 risk 
categories that is dominant enough, that are the disrepair of the retaining wall and the large of foundation 
shifting. Furthermore, in the response risk, we will focus on the most dominant risk factor. 

2.2.3. Risk Response 
To determine risk response, qualitative risk analysis were done by giving the expert question. The 

experts is interviewed based on the most dominant risk factor. Then, they will answer how to reduce the 
risk based on their experience. Based on risk factors obtained through analysis the risk factor regarded as 
high risk rating, questioner’s distribution of stage 2 is done to determine the reason factor and to 
determine the response toward risk factor. Here is the response policy toward risk factor according to [7]: 

1. The Project is rejected (T1). 
2. The Project is accepted, but the risk is certified by the owner (T2). 
3. The Project is accepted, and the risk is redirected to other parties in the company guided (A1). 
4. The Project is accepted, and the risk is controlled by company it is self with the careful planning 

(A2). 
5. The Project is accepted, and the risk is accepted as the cost, it means that if the risk occurs, it has 

been calculated in budget (A3). 
3. RESULT 

Based on the processing data, it can be obtained that the very dominant risk factor is the disrepair of 
retaining wall (X16). Therefore, it is necessary to do the risk response to determine how to anticipate 
by the expert experience. Table 3 will explain how to do the risk identification toward the response. 

 

Table 3. Risk Response for high risk 
Risk 

Identification 
Cause Analysis Responce Policy 

Reponse 
T1 T2 A1 A2 A3 

The desrepair 
of retaining 
wall (X16) 

The soil stability is poor    √  
Accurately investigating the soil 
first. 

Earthquake 
    √ 

Predicting the earthquake level 
and build the cooperation with 
BMKG. 

Soil data is not accurate 

  √   

1. Turn over the occurred risk to 
delegated sub-contractor. 

2. monitoring the soil while 
investigation process. 

Error calculation of 
horizontal force in the 
soil 

  √   
Turn over the occured risk to 
specialist sub-contractor. 

The fault of geogrid 
installation 

  √   
Turn over the geodrid installation 
to specialist sub-contractor. 

The sloping surface due 
to Compacation using to 
heavy equipment 

  √   
Turn over the work to the 
specialist subcontractor 

Design fault of SPT    √  
Periodically monitoeringmust be 
done on planing/ design stage 
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Design fault of retaining 
wall   √   

1. Redesign. 
2. Trun over the work to the 

expert. 
The fault of geogrid 
utilization 

   √  
The gegroid installation planing 
must be ajusted with field needs. 

Load –carrying capasity 
is poor 

   √  

1. Soil reparation by geotextile 
installation. 

2. Properly investigating the soil 
in order to accurately 
determining the real load-
carryingcapasity. 

The large of 
foundation 

shifting (X 21) 

Flood  

    √ 

1. Control tub installation for 
flood water reservoirs. 

2. Must have BMKG estimation 
data. 

The changing of soil 
characteristic around the 
foundation 

   √  Accurately invertigating the soil. 

The soil stability is poor 
   √  

The repairation of soil stability by 
the variuos of geotextile as 
requirement. 

DPT is poor 

   √  

1. Protection installation in the 
form of sheet pile. 

2. Monitoring periodically. 
3. The construction method that 

has been discussed with the 
expert. 

Load-carrying capasity is 
poor 

   √  

1. Soil repairation by geotextile 
installation. 

2. Properly investigating the soil 
in order to accurately 
determining the real load-
carrying capacity. 

 

Risk 
identification 

The huge earthquake that 
cause the foundation 
shifting 

    √ 

1. Strengthen foundation 
design to reduce the 
foundation shifting. 

2. Must have eartquake 
estimation data from 
BMKG. 

 
 

Table 3 explain what must be done by practitioners based on expert experience and response 
once the risk occur. It can be known that when descrepair for retaining wall occur due to the fault of 
geogrid utilization, the expert still accept the project and the risk is controlled by company its self with 
the careful planning (A2 response), the expert suggest the company to do geogrid installation planing 
and it was adjusted with field needs. Another reason for derepair of retaining wall is design fault of 
retaining wall, in this case, the expert still accept the project, however the risk is redirected to other 
parties in the company guided (A1 response). And the expert suggest the company to do redesign of 
retaining wall and turn over the occurred risk to expert. 
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4. CONCLUSION 

The conclusion of the research is: 

Response type of risk factor regarded as high risk is determined by last stage questionnaire 
distribution. Research variables regarded as high risk have the same probability and impact 
multiplication. One of them is pile foundation project with research variable of the disrepair of retaining 
wall that have several cause analyses, they are: the poor soil stability, design fault of SPT by response 

type A2 which means the project is accepted and the risk is controlled by the careful planning. 

Most all the risk policy is A1, A2, and A3. It means that the experts agreed to accept the 
project, and the risk is redirected, controlled and accepted with additional cost based on the work type. 
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ABSTRACT 

Over time in the business world of book publishing has increased the number of publishers is very 
significant. This has triggered a very tight competition to grab the attention of customer for the next operational 
activity. The publisher must be able to guess which type of book the customer candidate will be interested in. Given 
these problems, the publishing industry is still having trouble determining what kind of books will attract potential 
readers. So this situation hampers publishers to be able to create the kind of book that the readers want. Then to 
make it easier to determine and know the best seller type book group is the author uses one way that is by using 
SSNN method. 

SNN-based data shrinking algorithm (SSNN) uses the concept of data movement from the shrinking data 
algorithm to increase the accuracy obtained. The concept of data movement will strengthen the density of adjacent 
graph so that cluster forming process can be done from neighboring graph components that still have adjacency 
relationship. In this trial using data order gramedia property and using 1200 test data which is divided into 4 groups 
of test data. Produces clusters that generate the amount of data per genre on each cluster. And generate the children's 
book genre as a genre of best seller books. 

Keywords: book, SSNN, best seller, genre 

1. INTRODUCTION 
   Competition to grab the attention of customer for the operation of book publishing operational very 
significant lately. Thus to make it easier to determine and know the type of best seller book is the author uses one 
way is to use the SSNN method. The Nearest Neighbor (SNN) Shared algorithm is an algorithm that forms a graph 
of consideration that uses the similarity between data points based on the number of closest neighbors held jointly. 
The cluster is obtained from the representative points selected from the adjacent graph. The representative point is 
used to reduce the number of clustering errors, but also reduce accuracy. SNN-based data shrinking algorithm 
(SSNN) uses the concept of data movement of the shrinking data algorithm to increase the accuracy obtained. The 
concept of data movement will strengthen the density of adjacent graph so that cluster forming process can be done 
from neighboring graph components that still have adjacency relationship. Thus can be determined what type or 
genre wanted by customer. 
2. METHODOLOGY 
2.1 Data Mining 

Data mining is a process that uses Static, Mathematical, Artificial intelligence, and machine learning 
techniques to extract and identify useful data information and related knowledge from large databases.[1] 

Data mining is a series of processes to explore the added value of a data set of knowledge that has not been 
known manually. In the big journals of data mining is also called Knowledge Discovery In Database (KDD) is an 
activity that includes the collection, use of historical data to find regularities, patterns or relationships in large data 
sets.[2] 
2.2 Clustering 

Clustering is a grouping method based on the size of proximity (resemblance). Clustering is different from 
group, if group means group same condition if not yes definitely not group. But if the cluster does not have to be the 



Proceedings of The 2017 International Conference on Technology and Applications  
Surabaya, Indonesia, July 29, 2017 

10 
 

weight ( i, j) = ∑(k+1-m) x (k+1-n) 

same but the grouping is based on the proximity of an existing sample characteristic, one of them by using the 
euclidean distance formula. The application of this cluster is very much, because almost in identifying problems or 
decision-making is always not exactly the same but tend to have similarities only.[3] 
2.3 Algorithm Shrinking based Shared Nearest Neighbor (SSNN)  

 SSNN algorithm is a development of SNN algorithm. The cluster accuracy is improved by increasing the 
density of the graph of the customer formed in the SNN algorithm. Then to strengthen the density is to use the 
concept of data movement toward the cluster center of the data algorithm Shrinking. 

Because, this repair algorithm will make the data points seem to shrink toward the cluster center, then this 
algorithm is named SNN algorithm based data shrinking or Shrinking based Shared Nearest Neighbor (SSNN). [3]  

  If the data points in the neighboring graph are moved toward the cluster center, the neighboring weights 
for the data points in the same cluster will become larger and the neighboring weights for the data points in the 
different clusters will become smaller. To be able to apply the concept, the neighboring graph will be formed in 
several iterations. The number of nearest neighbors used for the formation of an adjacent graph increases in each 
iteration. Overall, the SSNN algorithm consists of steps: 
1. Calculate the similarity value of the data set. 

To calculate the value of similarity (distance): 
Formula  : 

   

Calculating distance =	�∑(� − ��)
�	      

  
explanation : 

  � : First set of data sets. 
  �� : The next set of data sets. 
 

2. Form a list of the nearest neighbor k each data point 
3. Form adjacent graph from the list of nearest neighbor's k 
4. Calculate the value of proximity and disconnect the adjacency weight less than the closeness value 
5. Repeat steps 3 and 4 until the closeness value is greater than the proximity threshold value6. The cluster form of 

the adjacent graph component still has the weight of neighboring relationships. 
Steps 1 to 3 are still the same as the SNN algorithm, but in step 2 the list of nearest neighbors is formed for 

the entire data point in the data set because it is required for the establishment of an adjacency graph in several 
iterations. Steps 3 and 4 are done in several iterations to apply the concept of data point movement toward the cluster 
center. 

The SSNN algorithm enters the sequence of the nearest neighbor in the list of nearest neighors in the 
calculation of the weight of the neighboring relationship so that the value of the neighboring weights will have a 
more accurate value. 
For example, there are two data points i and j, then the neighboring weights of i and j are: 

  
 
explanation : 

K =  The size of the list of nearest neighbors 
m and n = The position of the nearest neighbor listed in the nearest neighbor list i and j. 
 
The k value will increase in each iteration according to the Move Points (MP) parameter to be able to adjust 

the change of adjacent graph. The density value of each data point is calculated based on the total weight of the 
neighbor relationships owned by each data point. 

Data points in the same cluster have adjacent density values. The SSNN algorithm uses the condition as a 
proximity value to determine the weight of the adjacent neighbor relationship to be disconnected and ignored in the 
adjacency graph formation process in the next iteration. In other words, the weight of neighbor relationships that are 
not close to their density values will be disconnected and ignored. The process of calculating the value of proximity 
in each iteration serves to overcome the shortcomings of the basic SNN algorithm that is too dependent on a 
threshold value of the neighboring weights. 

The iteration process will be stopped if the proximity value has reached a closest or nearest neighbor 
threshold value that is used is greater than the amount of data in the data set. The restrictions are made to prevent the 
occurrence of cluster splits. 
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The neighboring graph obtained at the end of the iteration will have a strong density so there is no need for 
a process of determining representative points. The cluster can be directly formed from an adjacent graph component 
that still has the neighboring weights. Related data points will be included in the same cluster, so cluster forming 
process can be done in a shorter computation time. 
3. RESULTS 
3.1 Test Results 1 

The first test used the top 40 data from the first quarterly test data. Generates 10 Clusters that generate 1124 
data of nearest neighbor data. This first test shows that the genre of Children Books is superior among other genres 
of books. This can be seen in Table 6.9 where in the test each cluster has a varying number, the test that produces 10 
clusters shows the first cluster is the most superior among other clusters. In the first cluster we can see that the owner 
of the largest amount of data is Children's Book. In addition, when viewed from the total number of genres in the 1st 
trial that has the highest amount of data Children's Book with calculations Children's Book 759 data, Cooking 33 
data, Diet & Health 33 data, Economi & Bussines 35 data, Enterteinment 33, Fiction & Literature 99 data, Reference 
& Dictionary 33 data, Self-Improvement 66 data and Social Science 33 data. We can thus conclude that in 
experiment 1 it generates the Children's Book genre as the most genre of books in interest or best seller book genre. 

Tabel 1. Results of testing genres 1 

Genre Childr
en's 

Books 

Cooki
ng 

Diet  
& 

Health 

Economi 
& 

Bussines 

Enterte
inment 

Fiction 
 & 

Literatur
e 

Referenc
e & 

Dictiona
ry 

Self - 
Improvem

ent 

Social 
Sciences 

Total 
 Cluster 

1 144 3 2 0 3 8 3 5 2 170 

2 82 2 1 35 8 5 8 2 1 144 

3 108 2 2 0 3 20 3 4 2 144 

4 55 3 28 0 3 34 3 28 2 156 

5 103 3 0 0 3 6 3 6 26 150 

6 72 2 0 0 3 5 3 21 0 106 

7 76 2 0 0 3 4 3 0 0 88 

8 62 16 0 0 3 6 3 0 0 90 

9 27 0 0 0 2 11 2 0 0 42 

10 30 0 0 0 2  0 2 0 0 34 

Total 759 33 33 35 33 99 33 66 33 1124 
Total 
Data 1124 

 

3.2 Test Results 2 
In test 2 it still uses the top 40 results in quarter 2. The result of trial 2 yields 10 clusters, the number of 

clusters is almost the same as the test result 1 but has the smallest number of neighboring data is smaller that is 942 
data. Of the 10 clusters retrieved trial 2 still has the best cluster of cluster 1. In cluster 1 has the largest amount of 
data than the other clusters. In the cluster again shows that the genre of Children Books is the most superior among 
other genres of books. In addition, the results of the total number of clusters of each genre also show the genre of 
Children's Book which has the highest number of Children's Book 637 data, Cooking 63 data, Diet & Health 60 data, 
Economi & Bussines 30 data, Fiction & Literature 60 data, Medical 32, Religion & Spirituality 30 data and Social 
Science 30 data. Thus it can be concluded again that the genre of Children Book is a genre of bestsellers. More 
detailed calculations can be seen in table 2. 
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Tabel 2  Results of testing genres 2 

Genre 
Children's 

Books 
Cooking 

Diet 
 & 

Health 

Economi 
& 

Bussines 

Fiction & 
Literature 

Medical 

religion 
& 

spiritua
lity 

Social 
Sciences 

Total 
 Cluster 

1 98 5 4 4 26 0 4 4 145 

2 65 2 3 2 3 1 1 1 78 

3 20 32 2 1 2 1 1 1 60 

4 47 1 9 8 9 30 11 11 126 

5 48 1 2 1 2 0 1 1 56 

6 86 2 4 2 4 0 2 2 102 

7 67 2 27 3 5 0 2 2 108 

8 78 2 3 3 3 0  2 2 93 

9 84 3 3 3 3  0 3 3 102 

10 44 13 3 3 3  0 3 3 72 

Total 637 63 60 30 60 32 30 30 942 

Total Data 942 

 

3.3 Test Results 3 

The third test uses the top 40 data from the 3th quarterly test data. Test 3 produces 8 clusters, fewer clusters 
than the previous test, test 3 produces 1264 data of nearest neighbors. Of the 8 clusters obtained in trial 3, the first 
cluster is the most superior among the other clusters, because it has the highest amount of data among other clusters. 
In the genre of cluster 1, the Children's Book genre has the largest amount of data among other genres. Not only that, 
if calculated as a whole in test 3 or quarter 3 this genre of Children's Book again has the most amount of data than 
the other genres: Children's Book 875 data, Diet & health 35 data, Economi & Bussines 70 data, Enterteinment 38 
data, Fiction & Literature 106 data, Self- Improvement 70 data and Social Sciences 70 data. Thus it can be concluded 
that the genre of Children's Book back into the genre of best seller books in this trial. More detailed test results can 
be seen in table 3. 

Tabel 3 Results of testing genres 3 

Genre 
Children's 

Books 
Diet & 
Health 

Economi 
& 

Bussines 

Entertein
ment 

Fiction & 
Literature 

Self – 
Improvement 

Social 
Sciences 

Total 
 Cluster 

1 218 5 13 0 38 46 60 380 

2 67 2 5 38 40 4 4 160 

3 195 3 7 0 7 6 6 224 

4 40 25 27 0 2 4 0 98 

5 195 0 11 0 4 6 0 216 

6 70 0 2 0 2 4 0 78 

7 61 0 3 0 2 0 0 66 

8 29 0 2 0 11 0 0 42 

Total 875 35 70 38 106 70 70 1264 

Total Data 1264 
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3.4 Test Results 4 
The fourth test uses the top 40 data from the 4th quarterly test data. Test 4 produces 8 clusters, test 3 yields 

1272 data of nearest neighbors. Of the 8 clusters obtained in pilot 4, the first cluster is the most superior among the 
other clusters because it has the highest amount of data among other clusters. In cluster 1, there is a considerable 
composition of the Children's Book genre in the genre of the others. Then if the total count is calculated in 4, the 
Children's Book genre has a large amount of data in the amount of other genres. Thus it can be concluded that the 
genre of Children's Book is a bestseller genre or best seller on trial 4. Detailed test results are found in table 4. 

Tabel 4 Results of testing genres 4 

Genre 
Children's 

Books 
Cooking 

Economi 
& 

Bussines 

Fiction & 
Literature 

Medical 
Reference 

& 
Dictionary 

Self - 
Improvement 

Total 
 Cluster 

1 339 55 6 5 6 13 18 442 

2 203 5 4 2 4 5 7 230 

3 136 4 20 2 2 4 6 174 

4 55 3 3 26 21 3 29 140 

5 84 2 2 0 2 2 2 94 

6 104 4 0 0 0 4 4 116 

7 36 2 0 0 0 2 2 42 

8 28 2 0 0 0 2 2 34 

Total 985 77 35 35 35 35 70 1272 

Total Data 1272 

 
4. Conclusions 

From the results of research that has been done can be concluded as follows: 
1. The use of this method is quite easy because to normalize we can determine its own requirements. 
2. SSNN method can be used to cluster genre on best seller book determination. 
3. The results of this experiment indicate that in this period the genre of Children book is a genre of bestseller 

or most desirable. 
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ABSTRACT 

 

K-Support Vector Nearest Neighbor (K-SVNN) as a Nearest Neighbor-based method can be used for data reduction. 
Reduction is done by giving parameter K as nearest neighbor used. Besides data reduction, K-SVNN can also 
improve the performance of prediction accuracy. The author tests the value of K that is the percentage of the amount 
of data. The K used varies from 10% to 100%. This study was conducted to observe the relationship between data 
reduction and performance improvement. Performance improvement is measured by Fisher Discriminant Ratio 
(FDR). From the results of research proved that in some data sets, data reduction with K-SVNN can increase the 
FDR value, while some other data sets can’t. The K value that gives the highest FDR value is 30% to 50% with data 
reduction up to 4.49%. 

Keywords: K-Support Vector Nearest Neighbor, data reduction, performance, improvement, classification, Fisher’s 
Discriminant Ratio 

 

1. INTRODUCTION  
K-Support Vector Nearest Neighbor (K-SVNN) is a method based on Nearest Neighbor to perform 

classification task [1]. This method successfully reduces the training data used during the training process but still 
strives to maintain accuracy. The results of the experiments performed show that the yielded reduction performed for 
K = 7 is up to more than 49% but the accuracy obtained can still survive, even raise 1% compared to other methods 
with the highest accuracy. One of the expected goals of K-SVNN is that it can reduce the prediction time used, as 
given by Prasetyo [1] 

The comparison of K-SVNN with Decision Tree (DT) and Naïve Bayes (NB), in terms of time spent on 
training and prediction, K-SVNN is longer than DT or NB [2]. This is because K-SVNN must calculate the distance 
between each data with all other data, whereas DT and NB do not do that but other work where consumption time is 
less. The result of comparison of K-SVNN with DT and NB on prediction accuracy was K-SVNN better than DT and 
NB. This becomes something interesting, because on the one hand, K-SVNN tries to reduce training data but still can 
keep accuracy obtained. Comparison of other methods of ANN Back-propagation (ANN-EBP) and Support Vector 
Machine (SVM) have also been done [3]. The comparison results show where the K-SVNN accuracy tends to be 
superior to ANN-EBP and SVM, although for the Vertebral Column and Wine data sets, K-SVNN is lower than 
SVM. As for training time, K-SVNN is superior to other methods. For predictive time is shorter than ANN-EBP but 
longer than SVM. Comparison with four data sets proves that K-SVNN has a relatively higher performance than 
ANN-EBP, DT and NB methods, but lower than SVM and K-Nearest Neighbor [4]. The research that has used K-
SVNN as preprocessing is Prasetyo [5], In his research, K-SVNN was used for data reduction before applying the 
ANN-EBP classification method. Tests performed on five data sets gave results that the performance on the Wine 
data set was poor. In this study, the author tries to prove the use of K-SVNN on some data sets with a choice of K 
that is proportional to number of data. 

From the exposure provided by [2, 3], K-SVNN has performance that competes with other classification 
methods. Sometimes lower and sometimes higher for both accuracy, training time and prediction time. This study 
performs empirical testing on the effect of data reduction practice with predictive accuracy obtained. Previous 
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research has done a reduction with certain selected K, [1] use K=7, [2, 3] use K=13. The number of data from the test 
data sets is not the same, so in this study the authors used the percentage to measure the effect. The results of this 
study can prove whether K-SVNN can provide benefits of data reduction training and increased accuracy based on 
certain percentage reduction choices. The data set feature strength measurements in the authors' prediction using 
Fisher's Discriminant Ratio [6, 7]. 

The exposure of this paper is divided into four parts. Part 1 provides preliminary background of the author 
doing research and research related to the study. Section 2 presents the methodology of the study and design of 
systems. Section 3 presents the results and discussion. And section 4 presents the conclusions of the research and 
suggestions for next research. 

 
2. METHODOLOGY 
2.1 Research Methodology 

Research methodology conducted by authors is presented in Figure 1. The input given is training data and K 
value of K-SVNN. Training data used by authors is part of the data set with a certain percentage. While K is a choice 
of K that can be set independently by user. 

 

 
Figure 1. Research methodology 

 
The authors use percentage as K value of K-SVNN. K serves as a determinant of reduction parameter, 

where K is the number of nearest neighbors involved in K-SVNN calculations. The data sets used by the authors 
have unequal number of data, then for proportional needs in the reduction authors use value of K with the percentage 
according to the number of data from the dataset. For example, for K = 10% of the data, then for data set with the 
number of data 200 will use K = 20, while for the data set with the amount of 500 data will use K = 50. In this study 
the authors use 10 variations of K, that is 10% , 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, and 100%. For K = 
100% gives a 0% reduction result, so the FDR obtained must be the same as the K-NN method without data 
reduction. 

The result of K-SVNN test with 10 variations of K as the author's way to know the correlation between the 
amount of reduction made to the prediction accuracy obtained. With reduced amount of training data due to 
reduction whether it can keep accuracy, decrease or increase. As in previous studies that the reduction done on the 
train data is able to keep the accuracy of predictions obtained. This study can prove the behavior. 

To know the strength of training data of the results of the reduction at the time of prediction, the authors use 
Fisher's Discriminant Ratio (FDR) [6, 7]. FDR value is calculated on each feature, then calculated the sum of FDR 
value on each dataset. The sum of FDR value is calculated on the 10 K variations of K-SVNN specified in this study. 
Furthermore, the authors do the analysis on the results obtained. 

 
3. RESULTS 
3.1 Testing Result 

The author tests on 5 public datasets downloaded from UCI Machine Learning Repository, they are: Iris 
(150 records, 4 feature), Vertebral Column (310 records, 6 features), Glass (214 records, 9 features), Wine (178 
records, 13 feature), and Diabetic Retinopathy (1151 records, 18 features). Especially for Diabetic Retinopathy data 
sets, we don’t use the first feature because value of the data variance same to 0. This caused the value of variant in 
one of the classes is zero. System testing using 5-fold, of which 80% is used as training data and 20% used as testing 
data. 

The results of the tests that the author did on the data set Iris presented in Table 1. The reduction rate 
obtained proportional. It can be observed in the Reduction column, its value decreases as the value of K increases. 
The FDR value obtained for feature 1 continues to decrease as the value of K decreases. This result indicates that the 
1st feature is proportional to the value of K but inversely proportional to the size of the reduction experienced. For 
features 2, 3 and 4 FDR values rise and fall along the value of K and the reduction experienced. The ability to 
separate classes can be seen in the Sum of FDR column, where Sum of FDR values are obtained by summing up all 
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FDR features. But the highest value of Sum of FDR is obtained only when 0% reduction or no reduction is done. 
This behavior indicates that for Iris data sets it is not suitable for reduction with K-SVNN. 

 
 

Table 1. Result of FDR from Iris data set 

No K (%) 
Reduction 

(%) 
FDR of Feature Sum of 

FDR 1 2 3 4 
1 10 67.33 0.09 0.01 2.33 2.55 4.98 
2 20 50.00 0.18 0.02 2.68 3.33 6.22 
3 30 42.00 0.37 0.08 3.01 3.79 7.25 
4 40 39.33 0.43 0.12 3.24 3.91 7.70 
5 50 36.00 0.53 0.16 3.22 4.08 7.99 
6 60 34.00 0.61 0.18 3.19 4.20 8.19 
7 70 21.33 1.00 0.01 2.11 3.01 6.14 
8 80 4.00 1.43 0.03 2.83 3.71 8.00 
9 90 0.67 1.51 0.04 2.99 3.86 8.40 

10 100 0.00 1.53 0.05 3.01 3.89 8.48 
11 Without reduction 1.53 0.05 3.01 3.89 8.48 

 
 The results of the testing that the authors do on the data set Vertebral Column is presented in table 2. The 
FDR value given for feature 1 is also straight proportional to the decrease in value of K and inversely proportional to 
the amount of reduction experienced. Features 2 to 6 have FDR values that vary increase and decrease throughout 
the K value and reduction options experienced. The highest value of Sum of FDR is obtained by K = 50% with a 
value of 2.61, higher than without reduction of 2.10. 
 

Table 2. Result of FDR from Vertebral Column data set 

No. 
K 

(%) 
Reduction 

(%) 
FDR of Feature Sum of 

FDR 1 2 3 4 5 6 
1 10 16.77 0.26 0.20 0.18 0.12 0.44 1.08 2.27 
2 20 9.68 0.28 0.20 0.21 0.13 0.40 1.20 2.41 
3 30 6.45 0.32 0.24 0.24 0.15 0.37 1.22 2.54 
4 40 4.52 0.34 0.26 0.25 0.14 0.35 1.20 2.54 
5 50 2.58 0.35 0.28 0.26 0.14 0.35 1.23 2.61 
6 60 1.61 0.35 0.29 0.27 0.13 0.31 1.17 2.52 
7 70 0.97 0.36 0.30 0.28 0.12 0.30 1.17 2.53 
8 80 0.65 0.36 0.31 0.28 0.12 0.28 1.14 2.50 
9 90 0.32 0.36 0.32 0.28 0.12 0.27 1.14 2.49 

10 100 0.00 0.36 0.31 0.28 0.12 0.28 0.75 2.10 
11 Without reduction 0.36 0.31 0.28 0.12 0.28 0.75 2.10 

 
The results of the testing that the authors do on the data set Glass presented in Table 3. FDR values 

provided for features 1 and 9 straight proportional to the decrease in value of K. While features 6 and 7 inversely 
proportional. Features 2, 3, 4, 5, 7, and 8 have varying FDR values increase and decrease throughout the K value and 
reduction options experienced. The ability to separate classes has the highest Sum of FDR value obtained by K = 
30% with a value of 6.40, higher than without a reduction of 5.62. 

The results of the testing that the authors do on the data set Wine presented in Table 4. FDR values 
provided for feature 1 straight proportional to the decrease in value of K. Features 6 to 9 has a very small FDR value, 
zero in all options K used, this proving that the feature is not informative used in the classification. While other 
features have FDR values that vary increase and decrease throughout the selection of K value and reduction 
experienced. The ability to separate classes has the highest Sum of FDR value obtained by K = 40% with a value of 
6.94, higher than without reduction of 6.89. This good result is different from the results of the research presented by 
Prasetyo [5] where the accuracy performance becomes poor when using K-SVNN for data reduction. Higher results 
in the study are global with FDR value. 
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Table 3. Result of FDR from Glass data set 

No. 
K 

(%) 
Reduction 

(%) 
FDR of Feature 

Sum 
1 2 3 4 5 6 7 8 9 

1 10 38.79 0.00 0.36 2.64 0.72 0.09 0.10 0.08 0.50 0.06 4.56 
2 20 7.94 0.01 0.56 3.60 1.17 0.06 0.09 0.05 0.75 0.09 6.38 
3 30 2.34 0.02 0.55 3.83 0.97 0.08 0.09 0.04 0.72 0.10 6.40 
4 40 1.87 0.02 0.55 3.64 0.98 0.09 0.09 0.03 0.73 0.10 6.22 
5 50 1.40 0.03 0.55 3.31 0.98 0.09 0.06 0.01 0.76 0.11 5.90 
6 60 1.40 0.03 0.55 3.31 0.98 0.09 0.06 0.01 0.76 0.11 5.90 
7 70 0.93 0.03 0.56 3.16 0.96 0.09 0.06 0.01 0.65 0.11 5.63 
8 80 0.93 0.03 0.56 3.16 0.96 0.09 0.06 0.01 0.65 0.11 5.63 
9 90 0.93 0.03 0.56 3.16 0.96 0.09 0.06 0.01 0.65 0.11 5.63 

10 100 0.00 0.05 0.50 3.28 1.01 0.05 0.00 0.00 0.60 0.12 5.62 
11 Without reduction 0.05 0.50 3.28 1.01 0.05 0.00 0.00 0.60 0.12 5.62 

 
The results of the testing that the author did on the data set Diabetic Retinopathy presented in Table 5. 

Actually, the FDR value provided by all the features in the table is low, almost zero all. The Sum of FDR value 
obtained in the data set without reduction is 0.92, while with reduction, Sum of FDR value varies above it, the 
highest is 0.98 with K 40%. 

The FDR value given for feature 1 is straight proportional to the value of K. Features 6 to 9 has a very small 
FDR value, zero in all K options used, this proves that the feature is not informative used in the classification. While 
other features have FDR values that vary increase and decrease throughout the selection of K value and reduction 
experienced. The ability to separate classes has the highest Sum of FDR value obtained by K = 40% with a value of 
6.94, higher than without reduction of 6.89. 
 
3.2 Analysis 

The graph of the results of the fifth test of the data set is presented in Figure 2. In the figure, the authors 
give the "x" mark to the highest Sum of FDR value. Data reduction on K-SVNN with certain K options turned out to 
provide high FDR value support as well. In the data sets tested by the authors, four of them provide a high FDR 
value when K is 30% to 50%. 

 
Figure 2. FDR value 

 
At the highest FDR value, the reduction given to the K value is up to 4.49% as obtained in the Wine set 

data, while the smallest reduction is 0.26% as in the Diabetic Retinopathy data set. The graph of reduction rates 
obtained at the highest accuracy of the five data sets is presented in Figure 3. 

For Iris data sets, the use of K-SVNN for data reduction does not increase the FDR value of all K options 
used. The value of FDR obtained is even lower than without reduction. Thus, for Iris data sets it is not appropriate to 
use K-SVNN for data reduction. 
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Table 4. Result of FDR from Wine data set

N
o. 

K 
(%) 

Reduction 
(%) 

FDR of Feature Sum of 
FDR 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 10 49.44 
1.3
9 

0.0
1 

0.2
9 

0.0
2 

0.2
0 

0.0
3 

0.0
0 

0.0
1 

0.0
0 

2.0
5 

0.1
3 

0.0
1 

0.9
3 5.09 

2 20 20.22 
1.7
3 

0.1
5 

0.2
5 

0.0
8 

0.2
9 

0.0
0 

0.0
1 

0.0
0 

0.0
0 

2.1
4 

0.2
3 

0.0
6 

1.1
7 6.10 

3 30 11.24 
2.0
5 

0.2
2 

0.2
7 

0.0
6 

0.3
6 

0.0
1 

0.0
0 

0.0
0 

0.0
0 

2.2
6 

0.2
7 

0.0
7 

1.2
5 6.81 

4 40 4.49 
2.2
3 

0.2
3 

0.2
4 

0.0
7 

0.2
6 

0.0
0 

0.0
1 

0.0
0 

0.0
1 

2.2
4 

0.3
2 

0.0
9 

1.2
5 6.94 

5 50 1.69 
2.3
0 

0.2
0 

0.2
8 

0.0
7 

0.1
8 

0.0
0 

0.0
0 

0.0
0 

0.0
1 

2.2
3 

0.2
9 

0.0
9 

1.2
2 6.88 

6 60 1.12 
2.3
2 

0.2
0 

0.2
8 

0.0
7 

0.1
8 

0.0
0 

0.0
0 

0.0
0 

0.0
1 

2.2
5 

0.2
7 

0.0
9 

1.2
3 6.91 

7 70 0.00 
2.3
3 

0.2
0 

0.2
9 

0.0
7 

0.1
8 

0.0
0 

0.0
0 

0.0
0 

0.0
1 

2.1
8 

0.3
0 

0.0
9 

1.2
3 6.89 

8 80 0.00 
2.3
3 

0.2
0 

0.2
9 

0.0
7 

0.1
8 

0.0
0 

0.0
0 

0.0
0 

0.0
1 

2.1
8 

0.3
0 

0.0
9 

1.2
3 6.89 

9 90 0.00 
2.3
3 

0.2
0 

0.2
9 

0.0
7 

0.1
8 

0.0
0 

0.0
0 

0.0
0 

0.0
1 

2.1
8 

0.3
0 

0.0
9 

1.2
3 6.89 

10 100 0.00 
2.3
3 

0.2
0 

0.2
9 

0.0
7 

0.1
8 

0.0
0 

0.0
0 

0.0
0 

0.0
1 

2.1
8 

0.3
0 

0.0
9 

1.2
3 6.89 

11 Without reduction 
2.3
3 

0.2
0 

0.2
9 

0.0
7 

0.1
8 

0.0
0 

0.0
0 

0.0
0 

0.0
1 

2.1
8 

0.3
0 

0.0
9 

1.2
3 6.89 
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Table 5. Result of FDR from Diabetic Retinopathy data set 

N
o. 

K 
(%
) 

Reducti
on (%) 

FDR of Feature Sum 
of 

FDR 1 2 3 4 5 6 7 8 9 
1
0 

1
1 

1
2 

1
3 

1
4 

1
5 

1
6 

1
7 

1
8 

1 10 1.82 

0.
0
1 

0.
1
7 

0.
1
4 

0.
1
0 

0.
0
7 

0.
0
5 

0.
0
3 

0.
0
0 

0.
0
0 

0.
0
0 

0.
0
1 

0.
0
4 

0.
0
6 

0.
0
8 

0.
0
8 

0.
0
0 

0.
0
0 

0.
0
0 0.87 

2 20 0.52 

0.
0
1 

0.
1
9 

0.
1
6 

0.
1
2 

0.
0
8 

0.
0
5 

0.
0
3 

0.
0
1 

0.
0
0 

0.
0
0 

0.
0
2 

0.
0
5 

0.
0
7 

0.
0
9 

0.
0
8 

0.
0
0 

0.
0
0 

0.
0
0 0.97 

3 30 0.35 

0.
0
1 

0.
1
9 

0.
1
6 

0.
1
2 

0.
0
8 

0.
0
6 

0.
0
3 

0.
0
1 

0.
0
0 

0.
0
0 

0.
0
2 

0.
0
6 

0.
0
7 

0.
0
9 

0.
0
8 

0.
0
0 

0.
0
0 

0.
0
0 0.97 

4 40 0.26 

0.
0
1 

0.
1
9 

0.
1
6 

0.
1
2 

0.
0
8 

0.
0
6 

0.
0
3 

0.
0
1 

0.
0
0 

0.
0
0 

0.
0
2 

0.
0
6 

0.
0
7 

0.
0
9 

0.
0
8 

0.
0
0 

0.
0
0 

0.
0
0 0.98 

5 50 0.17 

0.
0
1 

0.
1
9 

0.
1
6 

0.
1
2 

0.
0
8 

0.
0
6 

0.
0
3 

0.
0
1 

0.
0
0 

0.
0
0 

0.
0
2 

0.
0
4 

0.
0
5 

0.
0
9 

0.
0
8 

0.
0
0 

0.
0
0 

0.
0
0 0.95 

6 60 0.09 

0.
0
1 

0.
1
9 

0.
1
6 

0.
1
2 

0.
0
8 

0.
0
5 

0.
0
3 

0.
0
1 

0.
0
0 

0.
0
0 

0.
0
2 

0.
0
4 

0.
0
5 

0.
0
8 

0.
0
7 

0.
0
0 

0.
0
0 

0.
0
0 0.94 

7 70 0.09 

0.
0
1 

0.
1
9 

0.
1
6 

0.
1
2 

0.
0
8 

0.
0
5 

0.
0
3 

0.
0
1 

0.
0
0 

0.
0
0 

0.
0
2 

0.
0
4 

0.
0
5 

0.
0
8 

0.
0
7 

0.
0
0 

0.
0
0 

0.
0
0 0.94 

8 80 0.09 

0.
0
1 

0.
1
9 

0.
1
6 

0.
1
2 

0.
0
8 

0.
0
5 

0.
0
3 

0.
0
1 

0.
0
0 

0.
0
0 

0.
0
2 

0.
0
4 

0.
0
5 

0.
0
8 

0.
0
7 

0.
0
0 

0.
0
0 

0.
0
0 0.94 

9 90 0.00 

0.
0
1 

0.
1
9 

0.
1
6 

0.
1
2 

0.
0
8 

0.
0
5 

0.
0
3 

0.
0
1 

0.
0
0 

0.
0
0 

0.
0
2 

0.
0
4 

0.
0
5 

0.
0
8 

0.
0
7 

0.
0
0 

0.
0
0 

0.
0
0 0.92 
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Figure 3. Reduction 

 
Overall, the use of K-SVNN for data reduction does not necessarily increase the FDR value as a data 

capability parameter in separating classes. The FDR value here is still common among the classification methods. 
Need further testing on the classification method in order to obtain predictive accuracy. 
 
4. CONCLUSION 

The conclusions can be given from the results of this study as follows: 
1. K-SVNN can be applied to the data set for data reduction while increasing the FDR value as a measure of 

the ability to separate classes. 
2. In the five data sets used by the author, four of them can be applied K-SVNN for data reduction and one 

data set cannot. This means that in the data set used for classification it is necessary to test a number of K 
values of K-SVNN in order to know the effect of K-SVNN against it. 

 
The suggestions are given as follows: 
1. It is necessary to test the optimal choice of K on the classification method in order to know the performance 

increasing of the reduction performed. 
2. The results of this study are limited to five data sets, need to be proved with other data sets to obtain a 

higher quality performance. 
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ABSTRACT 

 

In high performance industrial application, Permanent Magnet Synchronous Motor (PMSM) becomes the main 
competitor for AC motor. PMSM has some advantages such as high efficiency, small size, high power density, large 
torque to inertia ratio, and low maintenance. PMSM is also very popular compared to DC motors in applications of 
machine tools, servo and robots, electric vehicle, and ship propulsions. Speed control of PMSM widely uses the 
conventional proportional integral (PI) controller, but PI controller has difficulty in speed changes, parameter 
variations and load disturbances. This paper presents double fuzzy logic controllers to tune the parameters of PI 
controller applied in the speed control of PMSM. Double fuzzy-PI (DFPI) controller is verified using simulation 
process for normal and disturbance conditions. DFPI controller has better performance compared to the 
conventional PI controller during change of operating condition. Simulation results of DFPI controller show that 
PMSM quickly achieve the speed reference, has small steady state error, no overshoot and reduce the speed 
oscillation during load disturbance condition. 

Keywords: Permanent Magnet Synchronous Motor, Speed Control, PI, Double Fuzzy Logic 

 

1. INTRODUCTION  
Permanent Magnet Synchronous Motors (PMSM) are becoming the main competitor to other types of AC 

motors in high performance motor drives applications. PMSM have some advantages such as high efficiency, small 
size, high power density, large torque to inertia ratio, and low maintenance. PMSM are also very popular compared 
to DC motors in applications of machine tools, servo and robots, electric vehicle, and ship propulsions [1,2].  Some 
criteria of high performance motor drives applications are insensitivity to parameter variation, fast speed responses, 
and quick speed achievement to a speed reference during load disturbance occurs. The conversional proportional 
integral (PI) controller has been widely employed as speed controller for PMSM drives. In order to obtain the best 
results of speed control, the axial reactance parameters of the d-q PMSM should be correctly known. However, the 
conversional PI controller has difficulty in speed changes, parameter variations and load disturbances [1-6]. 

To solve these disadvantages of PI controller, various artificial intelligent (AI) techniques have been applied 
in motor drives systems to control the speed of motor. Fuzzy logic controller (FLC) can be considered to improve the 
performance of conventional PI controller. FLC can provide nonlinear control action by selecting the appropriate 
parameters. In this way, the success key of designing an FLC is to define well its parameters such as knowledge 
base, rule base and scale factor (3-9). Nowadays, a method of control at the base of double fuzzy controller and a 
proportional integral (PI) controller has been developed [10, 11]. 

This paper presents the usage of AI methods especially double fuzzy logic (FL) to tune the parameters of PI 
controller applied in the speed control of PMSM. The effectiveness of the proposed systems is verified by simulation 
process using SIMULINK-MATLAB. Therefore, performance of Double Fuzzy-PI controller is compared with the 
conventional PI controller during change of operating condition based on the performance of induction motor. 
2. SPEED CONTROL OF PMSM  

Block diagram of PMSM drives system used in this paper is shown in Figure 1. PMSM is connected to 
pulse width modulation (PWM) inverter using current control. PMSM currents are decomposed into id and iq 
components. These components represent flux and torque components in d-q coordinate system. 
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Figure 1. Block Diagram of PMSM Speed Control with DFPI Controller. 

 
3. MATHEMATIC MODEL OF PMSM 

The d-q model of the wound rotor synchronous machines is simply adapted to learn the dynamic 
performance of PMSM [1,2,4]. Back e.m.f. produced by permanent magnet is equal to produced by excited coil. 
Therefore, the d-q model of PMSM in the rotor reference frame can be seen in Equation (1).     
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where ud, uq, id, iq , �r, Rs, �d and �q  are stator voltage and current in d-q frame, rotor speed, stator resistance, flux 
linkage in d-q frame, respectively. 

Dynamic behaviour and electromagnetic torque of PMSM can be expressed in Equation (2) and Equation 
(3).  

Lemr
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 qdqdqfem iiLLipT )(
2

3
                              (3) 

where J, p, f, Ld, Lq, Tem, and TL are rotor inertia, pole number, reactance linkage d-q frame, electromagnetic torque 
and load torque, respectively. 
  
4. DESIGN OF DOUBLE FUZZY PI (DFPI) CONTROLLER 

Fuzzy logic controller (FLC) is one of most popular artificial intelligence (AI). FLC is used to solve 
nonlinear control problem or whenever the system model is unknown or difficult to build. The FLC is built from 
three steps: fuzzification, control rules evaluation and defuzzification. The fuzzy rules are obtained through 
knowledge of the process systems which automatically extracted from sample process [3-11]. Figure 2 show the 
control algorithm of PMSM speed based on a double fuzzy PI controller. The speed of PMSM is compared with the 
reference to obtain the error speed shown by Equation (4). 

)()()( * ttte mm                                (4) 

 
where e(t), �m

*(t) and �m(t) are error speed, reference speed, and motor speed respectively.  
The change of error speed is given by Equation (5). 

)1()()(  tetetde                              (5) 

 
Figure 2. The DFPI Controller for speed control of PMSM 
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In this paper, FLC has five membership functions (MF) for two inputs and an output. Two inputs and an 

output are error (e), change of error (de) and promotional parameter (Kp) or integral parameter (Ki) respectively. The 
membership functions are built to represent its input and output value. The fuzzy sets of two input signals are as 
follows: ZE = Zero, PB = Positive Big, PS = Positive Small, NB = Negative Big and NS = Negative Small 
respectively. Whereas, the fuzzy sets of an output signals are as follows: S = Small, MS = Medium Small, M = 
Medium, MB = Medium Big and B = Big, respectively. Figure 3 and Figure 4 show the fuzzy sets and corresponding 
triangular MF description of two input signals and an output signals. The rule base of the FLC is shown in Table 1. 
Table 1 show that there may be 5 x 5 = 25 possible rules.                 

 

 
Figure 3. Membership Functions for inputs of FLC 

 

 
Figure 4. Membership Functions for output of FLC 

 
Table 1. Rule Base of FLC 

error (e) 
change of error (de) 

NB NS ZE PS PB 
NB S S S MS M 
NS S S MS M MB 
ZE S MS M MB B 
PS MS M MB B B 
PB M MB B B B 

 
5. RESULTS  

The effectiveness of the proposed Double Fuzzy-PI (DFPI) controller is clarified by simulation process.  
Simulation process is conducted in conditions of normal and disturbance. The parameters of permanent magnet 
synchronous motor (PMSM) used in this simulation is as follows: motor power of 1 HP, nominal voltage of 220 V, 
stator resistance of 2.875 ,  direct inductance of 0.0085 H, quadrature inductance of 0.0085 H, 4 poles, inertia 
moment of 0.0008 kg.m2, friction coefficient of 8x10-5 N.m.s, motor flux of 0.175 Weber. Figure 5 shows simulation 
model in SIMULINK-MATLAB. 
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Figure 5. Simulation PMSM model using SIMULINK-MATLAB 

 
Figure 6 shows speed response of PI controller and DFPI controller for speed reference of 700 rad/s. DFPI 

controller yields settling time of 0.008 s, no overshoot and small steady state error of 0.5 rad/s. Whereas, PI 
controller yields settling time of 0.013 s, overshoot of 4.1 % and also small steady state error of 1.1 rad/s. From their 
simulation results show that DFPI controller provide the improvement of performance compared to PI controller.  

 

 
Figure 6. Speed response for speed reference of 700 rad/s. 

 
Figure 7 shows comparison of the electromagnetic torque response between PI controller and DFPI 

controller. PI controller needs the greater electromagnetic torque than DFPI controller. These electromagnetic 
torques are used both controller to rapidly reach the speed reference, however PI controller causes speed oscillation. 

Current of PMSM for PI and DFPI controllers are shown in Figure 8 and Figure 9. Both figures show that 
the change of electromagnetic torque causes the change of PMSM current. 
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Figure 7. Electromagnetic torque responses for PI and DFPI controllers. 

 
 

 
Figure 8. Current of PMSM with PI Controller 

 

 
Figure 9. Current of PMSM with DFPI Controller 

 
For disturbance conditions, the load torque of PMSM suddenly changes from 10 N.m to 15 N.m at t = 0.04 s 

and also returns again to 10 N.m at t = 0.041 s. The change of load torque affects the electromagnetic torque of 
PMSM shown in Figure 10. PI controller requests the greater electromagnetic torque than DFPI Controller. 
Disturbance also causes change of PMSM speed shown in Figure 11. Simulation result shows that speed error for PI 
controller is better than DFPI controller but PI Controller still produce speed fluctuation. 

0 0.01 0.02 0.03 0.04 0.05 0.06
0

5

10

15

20

25

30

35

40

Time (s)

E
le

c
tr

o
m

a
g

n
e

tic
 T

o
rq

u
e

 (
N

.m
)

 PI

DFPI

0 0.01 0.02 0.03 0.04 0.05 0.06
-40

-30

-20

-10

0

10

20

30

40

Time (s)

C
u

rr
e

n
t (

A
)

Ia

Ib

Ic

0 0.01 0.02 0.03 0.04 0.05 0.06
-40

-30

-20

-10

0

10

20

30

40

Time (s)

C
u

rr
e

n
t (

A
)

 

 
Ia

Ib

Ic



Proceedings of The 2017 International Conference on Technology and Applications  
Surabaya, Indonesia, July 29, 2017 

28 
 

 

 
Figure 10. Electromagnetic torque of PMSM for disturbance condition 

 

 
Figure 11. Speed responses for disturbance condition 

 
Figure 8 and Figure show PMSM current of PI and DFPI controllers during disturbance condition. Both 

figures show that the disturbance causes the change of PMSM current. Simulation results show that PMSM current 
for DFPI controller is better than PI controller. 

 

 
Figure 12. Current of PMSM for PI Controller 
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Figure 13. Current of PMSM for DFPI Controller 

 
6. CONCLUSION 

Double fuzzy proportional integral (DFPI) controller applied in speed control of PMSM has been presented 
and discussed. Double fuzzy logic technique is used to adjust the parameters of PI controller (Kp and Ki). Double 
fuzzy logic can improve the performance of PI controller when there are changes of PMSM parameters. DFPI 
controller proposed is verified by simulation process. Simulation results show that DFPI controller produces better 
performance compared to PI controller. DFPI controller rapidly achieves the speed reference, has small steady state 
error, no overshoot and decreases speed oscillation during load disturbance condition. The settling times of PI and 
DFPI controllers are 0.008 s and 0.013 s respectively. Whereas, steady state errors of PI and DFPI controllers are 0.5 
rad/s and 1.1 rad/s respectively. 
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ABSTRACT 

 

The purpose of this study was to design and build a system that is able to predict plant's growth patterns as a 
function of the nutrients obtained from fertilization pattern. The simulator is represented in 3-dimentional to perform 
animated models. As the object of research is Soybean (Glycine max (L.) Merrill).  

The output parameters are long growth trunk / branches (L), a wide cross section of the leaf (W), and branch growth 
(B), as a function of changes in the fertilizing elements Nitrogen (N), Phosphate (P) and potassium (K), as input 
parameters of the system. Modeling done on the vegetative phase of the soybean crop. 

The training phase of ANFIS are to obtain the values of Parametric L-system's constantas as a change of N-P-K you 
L-W-B values. In the implementation phase, using obtained constantas, the user's inputed datas could processed 
bythe Trained Parametric L-system to perform simulation of growth's function, and finally to perform 3-
dimentional's animated models. 

The test results on the system to grow plants pattern proves that ANFIS method is quite adaptive to variation of N-P-
K values changes, and able to predict the output values of L-W-B. The visualization of 3D-animated models as the 
results of Trainable Parametric L-system has proven to be influenced by variations in the composition of input 
parameters(N-P-K values). Overall, the system has been running as expected. column as it is here, below the author 
information. 

Keywords: Parametric L-system, ANFIS, Plant growth simulation, Data driven modeling, 3D Plant growth 
animation 

 

1. INTRODUCTION  
The purpose of this study was to design and build a system that is able to predict plant's growth patterns as a 

function of the nutrients obtained from fertilization pattern. The simulator is represented in 3-dimentional to perform 
animated models. As the object of research is Soybean (Glycine max (L.) Merrill).  The modeling of plant growth 
patterns is combination of multidisciplinary scientific include: botany, agronomy, plant physiology, meteorology, 
soil science, and mathematics and computer science and has been used widely in agriculture, including to support the 
decision-making system [8]. Plant growth is categorized in two phases, namely vegetative phase (which includes the 
growth of roots, stems / branches, and leaves), and generative phase (characterized by the growth of flowers and 
fruit) [1]. The research of the characteristics of plant growth models are dynamic and very complex, so it is very 
difficult to approach using mathematical equations and conventional geometric [12]. The modeling of plant growth 
includes the natural process of biological systems of plant life, following the influence of environmental 
characteristics. For that purpose, artificial intelligence system approach, such as neuro-fuzzy method, is used. 
According to [4], neuro-fuzzy system is the mechanism of fuzzy inference system mapped into the architecture of 
artificial neural network. In the field of graphical computing, mathematical formulation of the plant growth structure 
that is widely applied is Lindenmayer system (L-system). The result of L-system is a string in L-system’s grammar. 
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To display in 3-D graphically, the L-system result needs to be translated into the formation of 3-D coordinates using 
Turtle Geometry [9] [10]. With displayed in 3-D, the representation of the plant growth model as the function of 
environmental factors is expected to be more easily understood [3]. 

 
 
2. RESEARCH METHODS 

The research began by identifying the parameters that influence plant growth, both internal and external, as 
the input and output of the system [8]. It can be concluded that the parameters such as nutrients, water, oxygen, and 
sunlight generally affect the growth of the trunk and branches and increment of leaves number [3].  
 
2.1 System Architecture and User Interfaces 

The final result of system’s user interface is shown in Fig. 1. The architecture of plant growth simulation 
system that was built in this research is shown in Fig. 2, which describes the usage steps of plant growth simulation 
system. The flowchart of the system is shown in Fig. 3. 

 

 
 

Figure 1. The user interfaces of plant growth simulation system 
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Figure 2. The architecture of plant growth simulation system 

2.2 Parametric L-system 
2.2.1 Parametric L-system with Turtle Geometry Representation 

The L-system design in this research is based on the Parametric L-system method that represented visually in 3-
D using Turtle Geometry. As explained in [1] and [9], to display the 3-D visualization of L-system string, the Turtle 
Geometry method has two steps, which are: 

1)  Interpret the Parametric L-system string by adding direction symbols which corresponds to Turtle 
Geometry method. 

2)  Using the matrix formula of Turtle Geometry to calculate the 3-D coordinates of the points in displaying 
the plant visually, such as the direction and position of the trunk, branch, twigs, and leaves. 

In the first step, several direction symbols, such as shown in Table 1 and Figure 3, is added on the L-system string. 
Then in the second step, the main concept is to represent the orientation of the current position in a space with three 
vectors which shown the direction on X, Y, and Z axis. Those three vectors are orthogonal unit vectors. The rotation 
of the turtle, which represents the plant growth, is expressed by (1) – (3). Using (1) – (3), the coordinates of the next 
positon of each iteration in interpretation result of Parametric L-system string of plant structure can be calculated [3]. 
 

Table 1. Rules of Turtle Geometry 

 

(1) 

 

(2) 

 

(3) 
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Figure 3. The flowchart of plant growth simulation system 
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2.2.2 Standard Model of Parametric L-system for Soybean Plant 
Based on [1], the Parametric L-system rules with Turtle Geometry representation when applied to the plant modeling 
simulation has a frame of reference as follows:   

{ 
Axiom 
Production Rules 
End Rule 
} 

where Axiom is the determinant of growth starting point at each iteration starts, Production Rules are strings 
production which will produce the effect of plant growth simulation, and End Rule is the string to end the re-writing 
process. As the standard model in this research, some models of Production Rules that has been produced by earlier 
researchers are used, as shown in Figure 5 where : 

A = apex, the tip of the plant in an iteration, 
P = re-writing rule for internode (I) that leads to the left, and 
B = re-writing rule for internode (I) that leads to the right. 

 

 

Figure 4. THE LIST OF PARAMETRIC L-SYSTEM WITH TURTLE GEOMETRY REPRESENTATION 

 

Figure 5. Standard model of Parametric L-system for Soybean plant 
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2.2.3 Free-form Model of Parametric L-system for Soybean Plant 
In this free-form mode, Parametric L-system models have a common frame of reference with the standard model. 
The difference is based on the free-grammar context which is the characteristics of the Parametric L-system that 
provides the flexibility of defining strings Production Rules, then the Production Rules string may use any letter 
symbols freely. Which means, the user can define the L-system strings specifically to their own needs. The free-form 
options are provided to assist the research process and further development of this research.  
 
 
2.3 Neuro-Fuzzy (ANFIS) Model 
2.3.1 Plant Growth Prediction Using ANFIS 
The system is designed to be capable of providing predictions of the growth rate of soybean plants as a function of 
the N-P-K nutrients composition applied in plants. Function was created as predictor by utilizing the advantages of 
neuro-fuzzy method (ANFIS). Some advantages of method neuro-fuzzy method (ANFIS) are as follows: 

- Able to generate and associate, 
- Able to tolerate uncertainty, 
- Able to resolve the issue of non-linearity, and 
- Can be operated in real-time 

Those advantages are utilized in this system to build a pattern model of correlation between the changes of input 
value N-P-K with the changes of output value L-W-B. Through the simulator system designed in this research, by 
varying the composition of the input value N-P-K, the changes in the growth amount of soybean plants produced by 
the simulator can be predicted. 
 
2.3.2 ANFIS Architecture 
To perform the modeling of soybean growth patterns, it takes ANFIS structure that can accommodate the needs of 
the growth parameters which are: 
 

- 3 inputs (for fertilizer N, P, K), and 

- 3 output (for L, W, and B) 

Fundamentally, the ANFIS structure is only possible for one output. Then to accommodate the system which has 3 
outputs, three identically structured ANFIS are used, each for output L (growth of trunk / branches / twigs), output W 
(growth of leaves width), and output B (growth of the branching) as shown in Fig. 6. The number of nodes in the 
first layer (membership function) can be varied, but to simplify the system, in this research we used the same number 
of nodes in the first layer. 
 

 
 

Figure 6. The ANFIS architecture for soybean growth simulation 
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2.3.3 ANFIS Algorithm 
To obtain the model of soybean growth patterns, the data that has been inputted into ANFIS structure will be 
processed using the training process of ANFIS. In ANFIS training process, determination of the parameters to stop 
the training process is required. The parameters are: 
 

- Error system < 0.01 
- Epoch variable, with default value is 500. 

 
The training process will stop if the epoch has reached the stopping value, although the error value of the system has 
not reached the stopping value yet. If that happens, then the re-training process is needed with increasing the epoch 
value until the error value reached the stopping value that has been determined (less than 0.01). 
 
 
2.4 The Merging of Parametric L-System Model with Neuro-Fuzzy Model 
Once the L-system string of the plant structure had been obtained, we calculate the coordinates of trunk, branches, 
twigs, and leaves position. This require the calculation of the final coordinates (x2, y2, z2) of an object based on: 
 

- The coordinates of start position (x1, y1, z1), 
- The length or distance to the end position (l), and 
- The directions (α degrees) towards the end position. 

 
In 3-D L-system modeling using GL Scene, coordinates of trunk and branch segments are calculated at their 
segment’s midpoint. To determine the L-system coordinates of the trunk and branch, calculation using Turtle 
Geometry is used. 
 
 
3. RESULTS AND DISCUSSION 

Data used in the experiment is secondary data, which means that the data has been obtained by the previous 
researches of soybean plant, among others was obtained from [1], [3], and [5]. The experimental results of the 
ANFIS system are shown in Table 2. The experimental results shows that the average error of the system decreases 
with the increasing number of the membership function (MF). A decrease in the average error value of a system 
means the increase of ANFIS system performance. 

The example of experimental result of the system in 3-D animation which are dynamic and adaptive to the 
changes of N-P-K input are shown in Fig. 7. All the simulations result in Fig. 7 was performed in 3 iterations and has 
a same L-system string as follows: 

 
{ 
Axiom : I[+iL][-iL]A  ; 
Rule : A=I[-P]I[+B]A ;  
 P=ii[\iL][-iL] ; 
 B=ii[/iL][+iL] ; 
End Rule : A=I[L][+iL][-iL] ;  
 P=I[+iL][-iL] ;  
 B=I[+iL][-iL]   
}. 

 
 

Table 2. Experimental Results 
 

# 
Num of 
ANFIS 
MF’s 

Average Errors  (%) 

L W B 

1 3 13.4 18.4 18.8 
2 4 10.4 9.4 12 
3 5 7.4 7.5 10.6 
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Figure 7. Simulation results with the difference in L-W-B values 

 
4. CONCLUSION 

In this research, a system that can help to model and visualize the growth of soybean plants based on the 
variation of the given NPK nutrition has been built. ANFIS method can be applied to calculate the input data which 
are the quantities of N-P-K nutrients and produce the output which are the growth of branch (L), growth of leaf’s 
width (W), and the increase of branch number (B). The final result of L-system string with its visualization has 
proven to be influenced by the changes in N-P-K values composition. The visualization method with Turtle 
Geometry has proved able to interpret L-system string into 3-D visualization and adaptively accommodate the 
differences in N-P-K quantity patterns based on the input-output data in the ANFIS training process. 

Based on the experimental results, the increment in number of membership function has correlation with the 
average error value of the system, as well as the ANFIS training time. The average error value is decreased when the 
number of membership value is increased, in this research the minimal average value of this system is reached when 
the number of membership function is 5. The minimal error values for the L, W, and B are 7.4%, 7.5%, and 10.6% 
respectively. 
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ABSTRACT 

Along with the growth of business in the era of globalization and advances in the field of information technology that 
quickly provide a considerable influence in the field of industry and services. It also brings a big change in the level 
of competition between companies, so the perpetrators of the company must always create a variety of techniques to 
keep growing and in demand to be able to take the right decision in increasing sales. Therefore, a classification 
system of determining the active selling of book products using Algorithm C4.5 is established. From the results of 2 
testing results obtained that the book product active selling has a little percentage of the non-active selling. 
 
Keywords: Classification, Active selling, Algorithm C4.5. 
 

1. INTRODUCTION  
. 

 Along with the growth of business in the era of globalization and advances in the field of information 
technology that quickly provide a considerable influence both in the field of industry and services. It also brings a 
big change in the level of competition between companies, so that the perpetrators of the company must always 
create a variety of techniques to continue to grow so that in demand to be able to take the right decision in 
increasing sales. To be able to do so, the company needs a lot of information sources to be in further analysis. The 
purpose is design and build systems to classify   active    selling products and giving the result value obtained from   
the calculation with algorithm C4.5 from criteria that have been specified. 
  
              There are some literature review in between Jefry. (2013), Implementation Algorithm C4.5 In Application 
To Predict Number Of Students Repeating Subjects In STIMIK AMIKOM Yogyakarta, STIMIK Amikom 
Yogyakarta, Yogyakarta, Page 1-14 and Swastina, Liliana (2013), Application of Algorithm C4.5 For Student 
Determination, STIMIK Indonesia, Banjarmasin, Page 93 – 98. 
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2. METHODOLOGY 
2.1 System Planning 
2.1.1 Flowchart 

 

Figure 2.1 Flowchart Process Algorithm C4.5 

 

 

Figure 2.1 Flowchart Process Algorithm C4.5 

For the design of the application system in accordance with the system flowchart Figure 2.1 and flowchart program 
Figure 2.2, then for example calculation Algorithm C4.5 Classification determining the active selling for the product 
book sample data table 2.1 is as follows: 
Here is the training product data book used: 
 

Table 2.1 Training Data 

 

Publisher 
Years of 
publish Type Price Tax Sale 

Very salable Medium Scientific Cheap Cheap Few 

Very salable Medium Scientific Cheap Cheap Few 

Very salable Very long Non fiction Cheap 
Expensiv
e Many 

Less Saleable Medium Fiction Cheap Cheap Few 
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Less Saleable Medium Scientific Cheap Cheap Few 

Medium Very long Non fiction Cheap 
Expensiv
e Many 

Medium Old Non fiction Cheap 
Expensiv
e Many 

Very salable Old Non fiction Cheap 
Expensiv
e Many 

Very salable Medium Fiction Cheap Cheap Few 

Less Saleable Medium Fiction Cheap Cheap Few 

Very salable Old Non fiction Medium 
Expensiv
e Few 

Very salable New Non fiction Medium 
Expensiv
e Few 

Very salable Very new Non fiction Cheap 
Expensiv
e Few 

Less Saleable Medium Fiction Cheap Cheap Medium 

Very salable New Non fiction Medium 
Expensiv
e Few 

 
1. Calculating the value of entropy and gain 
 

 

There : ln2 = 0.693 
 

Table 3.1 Results of Data Calculation Training 

Total 
cases 

Sum 
(Yes) 

Sum (no) 
Sum Of 
Entropy 

   200     110      90        0.9930 
 

Table 4.9 Attribute Analysis, Value, Number of Value Events, Entropy and Gain 

 

 Because the largest gain value is the attribute of the Year of Publish. Then Year of Publication becomes 
the root node (root node). Then in the Very Long Issue Year it has 15 cases and all of them have No answer (Sum 
(Total) / Sum (No) = 15/15 = 1), Year of the Length has 20 cases and all have no answer (Sum (Total) / Sum (No) = 
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20/20 = 1), Publish Year Medium has 20 cases and all have answers Yes (Sum (Total) / Sum (Yes) = 20/20 = 1), 
Year Very New has 33 cases and all have Answer Yes (Sum (Total) / Sum (Yes) = 33/33 = 1). Thus the Year Is Very 
Old, Old, Medium and Very New to be leaf or leaf. 

 
Figure 3.3 Decision Tree Node 1 

 
Based on the formation of the decision tree node 1 (root node), Node 1.1 will be analyzed further. For simplicity, 
Table 4.7 is filtered by retrieving data that has Year Rising = New then do iterated like node 1 until each leaf / leaf 
has all classes. 

3. RESULTS 
3.1 System View 
 

 
Figure 4.1 Login 

 

Figure 4.2 Dashboard 

 

 
Figure 4.3 Criteria 
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Figure 4.4 Parameter Criteria 

 

Figure 4.4 Form Classification C4.5 

 
3.2 System Testing 

 
Testing the system will be done two times the testing process of testing A and B that have different data composition 
by using different criteria parameters according to the class of the decision tree and data testing the same. The 
amount of data testing used in the testing process there are A there are 300 data and test B there are 150 data 
 

Table 5.1 Test Result A 

. 

No Test 
Active 

Selling 
Not Active Selling 

1 First 52 - 

2 Second - 248 

 
 

In the table above can be seen the acquisition of percentage of testing criteria of different parameters as follows: 
 
From testing A with 300 test data obtained the value of active selling 52 data and there are 248 data instead of active 
selling, then: 
 

Active Selling = 
���	������	��	����	������	����

������	��	����	���������
		= 	

��

���
= 0.17 ∗ 100 = 17% 

 

Not Active Selling =  
���	������	��	����	������	����

������	��	����	���������
 =	

���

���
= 0.83 ∗ 100 = 83% 

 
Meanwhile, to know the level of accuracy and error in the test A, from the data 300 test data obtained predicted 
value of 216 data output in accordance with the actual data output and there are 84 data whose output is not in 
accordance with the actual data output. 
 

Accuration = 
������	��	����	���������	��	�������

������	���������
= 	

���

���
= 0.72 ∗ 100 = 72% 



Proceedings of The 2017 International Conference on Technology and Applications  
Surabaya, Indonesia, July 29, 2017 

46 
 

Error       = 
������	��	����	���������	��	�����

������	���������
= 	

��

���
= 0.28 ∗ 100 = 28% 

 
From the calculation can be concluded that the system has an accuracy of 72% and error rate of 28%. 
 
 
3.3 Discussion of Test Results 
 
From the calculation can be seen that the test A percentage of active selling 17% and non 83% active selling and on 
test B the percentage of active selling 11% and non 89% active selling. Comparison of classification results can be 
seen in the graph below. 

  

 
 

Figure 6.5 Comparison graph 

 
From the comparison chart can be concluded that after done 2 times the test phase with the composition of different 
test data then the active book product selling less than the book product instead of active selling. 
 
4. CONCLUSION 
4.1 Conclusion 

The conclusion that can be from this research that is; 
1. The system of determining the active selling of book products has been successfully implemented by using 

Algorithm C4.5 with the calculation of accuracy and trial. 
2. From the test results conducted two times using different criteria parameters, it can be seen that in the test A book 

product active selling obtained percentage of 17% and non-active selling book products obtained 83% percentage 
and on test B book product active selling earn percentage 11% And non-active selling book products earn 89% 
percentage. 

3. From the calculation of accuracy and error on the test A accuracy of 72% and error 28% while in the B test 
accuracy of 79% and error 22% 

4. Determination of parameters greatly affects the final result. 
 
4.2 Suggestions 
 
From research that has been done writer, there are some suggestion which can be given by writer for further research 
is as follows: 
1. The system is in the provision of random parameter criteria, it is expected in subsequent research parameters of 

the criteria to be optimized so that the data will be evenly classified against the group. 
2. The addition of system features to make it easier for the admin or user in using the system. 
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ABSTRACT 

 

This paper is the result of research on wheeled robot strategy in completing task by using deep first search (DFS)  
method for return trip. This DFS method serves to map the path through which the robot and process it as a return 
trip route. By this method the robot is able to recognize the intersection, obstacle, and field door conditions. So that 
the robot can know the way that has traveled through the robot from the point of departure (home) to the room (R1-
R4) where the target is located. The results obtained are robots capable of completing tasks in less than 60 seconds. 

Keywords: mobile robot, Deep First Search, return trip 

 

1. INTRODUCTION  
A mobile robot declared a successful return trip after performing the task if the time taken in a return trip 

quickly. So that needed a change strategy for return trip. The robot strategy to perform a return trip is to map the 
shortest path from the start point to the point of finding the target and process the data as a route for the return trip. 
The robot must know the start / home start position and recognize every right turn that has been passed if the robot 
uses the right-hand wall scan. That way the robot can determine the shortest path for the return trip after successfully 
performing the task.  

Deep First Search is one of the methods used to find a way out of a labyrinth. With this method the 
micromouse robot can explore the labyrinth and find the shortest path to the finish. In searching for a way out of a 
labyrinth where the formed field can be represented in binary form and in each plot there are a maximum of 4 
possibilities: top, right, bottom and left. 

Deep First Search method can be applied to the robot as a robot solution to be able to perform a return trip. 
In Deep First Search Method the route formation is done by storing each condition encountered by the robot and 
removing unnecessary conditions. The two processes are repeated over and over until the target is met. Once the 
target is met then the route will be formed and the route will be reversed so that the shortest route from the target 
point to start. Deep First Search method is suitable for microcontroller because it does not require large memory. 

2. METHODOLOGY 
2.1. Deep First Search (DFS) Method 

DFS is one of the methods used to find a way out of a labyrinth. With this method the micromouse robot 
can explore the labyrinth and find the shortest path to the finish. In searching for a way out of a labyrinth where the 
formed field can be represented in binary form and in each plot there are a maximum of 4 possibilities: top, right, 
bottom and left. 

DFS method can be applied to the robot as a robot solution to be able to perform a return trip. In DFS 
Method the route formation is done by storing each condition encountered by the robot and removing unnecessary 
conditions. The two processes are repeated over and over until the target is met. Once the target is met then the route 
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will be formed and the route will be reversed so that the shortest route from the target point to start. Deep First 
Search method is suitable for microcontroller because it does not require large memory. 

2.1. Deep First Search (DFS) 

The DFS method will depict the robot track from home to target based on the intersection that the robot has 
passed into a tree. The target or finish point of the DFS search tree is the white line of the room with fire. Robot will 
process the data of the search tree to be reversed and used as a reference for the return trip. The field used in this 
study is shown in Figure 1. 

 

Figure 1. Field used 

The field has four rooms named as R1, R2, R3, R4 and has a start position located at point H along with a 
dog obstacle located along the corridor with a rectangular image. From the field above, the robot travel scheme of 
four rooms can be described in accordance with Figure 2 below. 

 

Figure 2 robot travel scheme 

Flowchart of main program of the wheel robot and DFS program is represented on figure 3 and figure 4, 
respectively.   

 

Figure 3. Main Program of wheel robot 
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Figure 4 Sub Program of the DFS 

After the start button is pressed, the robot executes the DFS process until the robot finds the white line of 
the room which is in it there is target. If the white line is found then the robot will enter the room and perform the 
task. And the robot will update the data after the execution of the task is completed. The updated data initializes that 
the robot must exit the room and compile the DFS result data from the home point into the room. Data from the 
search tree results will be used to exit the room and make a return trip. 

2.2. DFS  From Point H To Room R1 
DFS is used in room R1 where the target is placed. For a robot travel scheme image from point H to point 

R1, the robot journey can be seen in the search tree diagram in figure 5. 

 

Figure 5 Tree Diagram Search target in R1 

 

 

2.3 Deep First Search From Point H to Room R2 
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DFS is used in room R2 in which the target is fired. For a robot travel scheme image from point H to point 
R2, the robot journey can be seen in the search tree in figure 6 

 

Figure 6 Tree Diagram Search target in R2 

2.4 Deep First Search From Point H to Room R3 

DFS is used in room R3 in which the target is fired. For a robot travel scheme image from point H to point 
R3, the robot journey can be seen in the search tree in figure 7. 

 

Figure 7 Tree Diagram Search target in R3 

 

 

2.5 Deep First Search From Point H To Room R4 

DFS is used in room R4 in which the target is fired. For a robot travel scheme image from point H to point 
R4, the robot journey can be seen in the search tree in figure 8. 

 

Figure 8 Tree Diagram Search target in R4 

3. RESULTS 
3.1. Deep First Search  Method Room R1 
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In this experiment the robot is placed at point H and the target in room 1. Here is a table of DFS 
experiments on room R1. 

Table 1 Result of return trip experiment data from room R1 to Home point 

 

Exp. 

Return trip  time 

(second) 

Return trip 

success 

 

Exp. 

Return trip  time 

(second) 

Return trip 

success 

1 9 Yes 6 9 Yes 
2 9 Yes 7 10.5 Yes 
3 8.5 Yes 8 10.5 Yes 
4 10 Yes 9 9 Yes 

5 11 Yes 10 9 Yes 

 

In this test robots have virtually no difference between the DFS method and the back home method using 
left-sided scans. 

3.2 Testing Method Deep First Search Space 2 

In this second test the robot is placed at point H and the target for DFS is the return trip from room 2. The 
experiment is done many times as many as ten times trial. Here is a table of DFS experimental results in room R2 for 
the return trip from R2 to the starting point of the robot H. 

Table 2 Result of return trip experiment data from room R2 to Home point 

 

Exp. 

Return trip  time 

(second) 

Return trip 

success 

 

Exp. 

Return trip  time 

(second) 

Return trip 

success 

1 17 Yes 6 20 Yes 
2 20 Yes 7 20 Yes 
3 22 Yes 8 20 Yes 
4 19 Yes 9 18.5 Yes 

5 22 Yes 10 19 Yes 

 

From the data Table 2 can be seen that the robot managed to return trip without entering the existing room. 
There is a significant time difference between the DFS method and the robot method which rely solely on the right or 
left wall scan alone in the return trip. 

3.3 Tests of Deep First Search Methods of Space 3 

The robot is placed at point H and the DFS target is the return trip from the room 3. In this experiment the 
robot is placed in a rather oblique facing direction (the direction of the wind). The following is a DFS trial data table 
for return trip in room R3. 

Table 3 Result of return trip experiment data from room R4 to Home point 

 

Exp. 

Return trip  time 

(second) 

Return trip 

success 

 

Exp. 

Return trip  time 

(second) 

Return trip 

success 

1 24 Yes 6 22 Yes 
2 21 Yes 7 23.5 Yes 
3 25 Yes 8 22 Yes 
4 110 No 9 23 Yes 

5 90 No 10 23 Yes 
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From the data Table 3 robots can make a return trip without entering the room around but in some 
experiments robot failed to make a return trip because of errors in the ultrasonic sensor, and also because there was 
an error on the sensor readings. While in the last experiment the robot managed to make a return trip. 

3.4 Testing Method Deep First Search Space 4 
Testing in this room is the last room. Number of experiments performed ten times. The robot is placed at the 

same starting point at point H and the DFS target is the return trip from room 4 to point H. Here is a table of five 
DFS experiments on the R4 robot. 

Table 4 Result of return trip experiment data from room R4 to Home point 

 

Exp. 

Return trip  time 

(second) 

Return trip 

success 

 

Exp. 

Return trip  time 

(second) 

Return trip 

success 

1 7 Yes 6 7 Yes 
2 7 Yes 7 8 Yes 
3 8 Yes 8 8 Yes 
4 6 Yes 9 8 Yes 

5 7 Yes 10 7 Yes 

 
From the data Table 4 robots can make a return trip Quickly towards point H. 

4. CONCLUSION 
Deep First Search provides some advantages that make it a good choice for many maze solving problems 

that have some similarities when the Benefits include: 

1. Requires relatively small memory, because only the nodes in the active path are stored in memory. 

2. Deep First Search can find a solution without having to test more in the space state, it is needed in 

completing the return trip task. 

3. The experimental results, the mean time required for the return trip of space 1 is 9.55 seconds, from space 2 

is 19.75, from space 3 is 22.94, and from space 4 is 7.3 seconds 
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ABSTRACT 

 

Labors carrying out construction work must have skills certificates and job skills. However, these requirements 
cannot be fulfilled maximally by certifying stakeholders. This study aims to examine in depth the performance of the 
stakeholders involved in the implementation and benefits of certification expertise and skills of construction labors in 
the city of Surabaya. Data collection using questionnaires distributed to 60 contractors and professional 
associations. Analysis of data using qualitative and quantitative methods. The results concluded that the information, 
requirements and implementation of certification in Surabaya is good enough. Some things that must be considered 
are: or major qualification skills and the timing of verification and validation process at professional association 
level is too long. The cost of certification is too expensive and there is no uniformity of cost from the professional 
association of the organizers. The owner of certification expertise and skills of construction labors is guaranteed to 
be easy enough to get a job and gain career levy according to skill, easy enough to earn higher salary and gain skills 
but not guaranteed regular salary increase. The existence of certification expertise and skills of construction labors 
for contractors has not been fully utilized for the following requirements: establishing new companies, participating 
in tenders and implementing government or private projects. Professional associations already have and use the 
guidelines and standard operating procedures in accordance with applicable government regulations and have been 
certifying with service is quite satisfactory. 
 
Keywords: certification, skill, expertise, contractor, Surabaya city. 

 

1. INTRODUCTION 
1.1 Background Issues 

The number of construction service companies in Indonesia currently has reached about 141,000 
companies, with a total construction workforce of about 6.5 million. The quantity of construction labor has not been 
matched by a sufficient number of qualities of professional competence [2]. Various efforts have been made both by 
the government through the Ministry of Public Works, the National Construction Services Development Board 
(NCSDB) and Professional Associations through training and various coaching. One of the efforts to improve the 
quality of the skill and skill of the construction laborers is by the quality assurance system in the form of construction 
labors certification (Regulation of Minister of Public Works of Republic of Indonesia No. 07 / PRT / M / 2010) [3]. 
But these efforts have not produced significant results until now. 

Under the Law of the Republic of Indonesia Number 2 of 2017 on Construction Services [1] and 
Government Regulation of Republic Indonesia Number 70 of 2012, every construction labors is required to have a 
certification expertise and skills of construction labors  [4]. Based on the previous study, the data shows that the 
distribution of construction work group consists of experts about 8%, skilled group of about 30% and the rest is a 
group of manual laborers. If the current construction workforce amounts to about 6.5 million, then about 3 million 
people must have a certificate. In fact, performance of the certification of experts and skilled personnel is still 
apprehensive. To date there are only 107,562 certified construction labors (about 6.46%). The number consists of 
29,417 people who have a expertise certification of construction labors, and 78,145 people who have a skills 
certification of construction labors (NCSBDN, 2014) [5]. 

Based on the description, the resources and the ability of construction services business, especially in the case 
of human resources is still very low both in terms of quality and quantity. Therefore it is necessary synergistic 
programs for the stakeholders involved to accelerate the implementation of certification expertise and skills of 
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construction labors. This research seeks to reveal the performance of the stakeholders involved in the certification 
expertise and skills of construction labors in Surabaya City. 

1.2 Previous Research 
Table 1 describes some previous studies, among others, by Pratiwi and Wibowo (2010) [6]; Widiasanti 

(2013) [7] and Jelanatik et al. (2014) [8]. The table describes the research approach, population and research 
respondents, measured variables and analytical tools used. 

 

Table 1.  Previous Research 

Title 
 

Performance Evaluation 
of Stakeholders in 
Construction labors 
Skills Development With 
Performance Prism 
Method 

Review of the 
Effectiveness of 
Certification Mechanism 
of Construction Experts 
Through NCSDB Labors 
Certification Unit 

Analysis of Factors 
Affecting Construction 
Labors to Have 
Certification Expertise 
and Skills of 
Construction Labors at 
Contractor in Bandung 

Researchers 
 

Pratiwi dan  Wibowo [6] Widiasanti [7] Jelantik, Alit, Salain & 
Nadiasa [8] 

Year 2010 2013 2014 
Research 
Approach 

Strategies, Processes and 
Capabilities 

Research Descriptive Qualitative Research 
(case study) 

Population  
 

Ministry of Public 
Works, Manpower & 
Transmigration and 
NCSDB 

Authorities in the 
implementation of 
certification expertise 
and skills of construction 
labors at Contractor  

Some small, medium & 
large qualification 
contractors 
 

Variable 
measured 
 

Stakeholders 
Performance 

Certification Mechanism 
of Construction Experts 

Factors to have 
certification expertise 
and skills of 
construction labors at 
Contractor  

Analyzation 
Performance Prism 
Analysis 

Description Analysis Factor Analysis 
 

Source: Various references 

 
1.3 Problem Formulation 
Based on the background description of the problems described above, then the formulation of the problem in this 
study are: 
1) How far the results of the certification expertise and skills of construction labors at Contractor for construction 

in Surabaya City? 
2) To what extent is the added value gained for certification expertise and skills of construction labors at 

Contractor in Surabaya? 

1.4 Purpose and Objectives 
Based on the description of the problem background and the problem formulation described above, the purpose 

and objectives of this study are: 
1) To examine and analyze in depth of the certification expertise and skills of construction labors at Contractor for 

construction in Surabaya City. 
2) To examine and analyze the added value obtained of the certification expertise and skills of construction 

laborers at Contractor for in Surabaya City. 
 
1.5 Research Benefits 
Based on the description of the background of the problem, the formulation of the problem and the purpose and 
objectives described above, then the expected benefits of the results of this study are:  
1) For the Surabaya City Government: is to provide informative contribution related to problems and barriers to 

the implementation of the certification expertise and skills of construction labors at Contractor in Surabaya 
City. 
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2) For the parties directly involved in the implementation of the certification expertise and skills of construction 
labors at Contractor as input and evaluation for further implementation. 

1.6 Scope and Limitations of Research 
This research was conducted in Surabaya City by involving the parties involved directly or indirectly in the 
implementation of the certification expertise and skills of construction labors in the city of Surabaya. The parties 
involved are among others; Contractors of minor, medium and large qualifications (subcualication : K1, K2, K3, K4, 
M1, M2, B1 and B2) [9], professional association of contractors, located and operating in Surabaya City and other 
parties involved [10] . 

2. RESEARCH METHOD 
2.1 Research approach 

This research uses a research approach with a qualitative paradigm, because it observes social phenomena 
that occur in the environment of construction services. Qualitative research is a research that emphasizes the 
understanding of the problems in social life based on factual conditions or natural settings are holistic, complex and 
detailed. This research also has a category of action research because it will produce a policy that will be submitted 
to decision makers [11]. 

2.2 Population, sample and respondent 
The population in this research is construction service company (contractor), professional association and 

construction service construction team in Surabaya City. Sampling is done because the population is unlimited, so 
sampling technique is required. In this research use purposive sampling and random sampling. Purposive sampling to 
determine the sample of existing professional associations in Surabaya, while random sampling is used for sampling 
of construction service companies who have taken care of the certification expertise and skills of construction labors. 
Respondents of the study were determined by purposive as many as 100 companies, consisting of 65 contractor 
companies and 35 professional association companies 

2.3. Instruments and research data 
The research instrument is questionnaire. The research variables and indicators are set out in accordance with 
relevant government laws and regulations as well as the provisions of procedures for certification from the National 
Construction Service Development Board (NCSDB). Questionnaires were distributed through three stages: first stage 
was distributed 100 questionnaires and 38 answers back. The second stage was reprinted as many as 50 
questionnaires and returned 17 answers. The third stage was reprinted as many as 25 questionnaires and returned 10 
answers. The number of answers to the questionnaires returned by the contracting company is 65 answers, while the 
worth to be analyzed from the collected amount is 60 company answers. 

2.4 Research variables and indicators 
The research variables consist of 5 variables and 35 indicators. The research variables include; (A). The performance 
of the certification expertise and skills of construction labors (consisting of 16 indicators, (B) The owners of the 
certification expertise and skills of construction labors (consisting of 5 indicators), (C) The benefits of of the 
certification expertise and skills of construction labors for construction companies (consisting of 5 indicators) and (D 
) Benefits of the certification expertise and skills of construction labors for professional associations of construction 
companies (consisting of 9 indicators) 

2.5 Data Analysis 
Data analysis was performed using mean and mean deviation standard calculated from data of each group of 

respondents' answers, using formula [12]: 
 

  X� =
∑��.��

∑ ��
…… (1)	and				Y� =

∑��.��

∑ ��
… . . (2),       X	� =

∑��.��	�

∑ ��
. . … (3),			dan					Y	� =

∑ ��.��	�

∑ ��
…… (4)	 ,     

 
Where :  
X� = mean of respondent's answer  
Y� = mean of standard deviation of respondents' answers 
fi = number of respondents 

X	�  = the mean of the respondent's mean 

Y	�  = the mean of the mean standard deviation of the answer Respondents 
fj = number of respondents' questions 
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The average result of the respondent's answer is then maped into 4 criteria in the form of four quadrant of 
Cartesius Diagram based on the mean value data and the mean standard deviation of answers of each responder 
group as follows : 

1. Quadrant I   : X� 	≧ 	X	�   and  Y� 	≤ 	Y	�  : (very good) 

2. Quadrant II  :	X� 	≧ 	X	�   and  Y� > 	Y	�   : (good)  

3. Quadrant III :	X� < 	X	�   and  Y� 	≤ 	Y	�  : (bad) 

4. Quadrant IV :	X� < 	X	�   and  Y� > 	Y	�   : (very bad) 
Each of the four quadrants in the Cartesian Diagram is a representation of the results of the study that need to be 
discussed further. 
 
3. RESULT AND DISCUSSION 
3.1 Respondent data 

The study respondents consist of 25 contractor companies and 35 professional association companies. The 
contractor shall consist of small qualifications (sub-qualifications K1, K2, K3 and K4), intermediate qualifications 
(M1 and M2 sub-qualifications) and substantial qualifications (sub-qualifications B1 and B2) with the composition 
of the sub-qualification amounts as shown in Figure 1. Where the names of professional association data is shown in 
Figure 2. 

 

 
     Figure 1 Contractor Company Qualification         Figure 2.Company of Professional Associations 

 

 
          Figure 3. Status of Contractor Company        Figure 4. Partner of Contractor 

Figure 3 shows company data consisting of BUMN contractor (2.86%) and private contractor (97.14%). 
Figure 4 shows the company's data on private projects and government projects.  

3.2 Profile of respondents 
Respondent profile data consist of: gender, age, last education and experience. Respondent profile data are shown in 
Figure 5 to Figure 8 
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Figure 5 Gender Respondents    Figure 6. Respondent Education 

 
 

 

        Figure 7. Respondents Age       Figure 8. Respondent Work Experience 

 
3.3 Research Results 
Table 2 shows the result of mean analysis and standard deviation analysis of each variable and its indicator from the 
respondent of the contractor company. Each mean and standard deviation of the indicator are then calculated average 
of mean = 3,475 and average of standard deviation mean = 0,958. Each quadrant has the following criteria: 
1)  Quadrant I: Mean ≥ 3,475, and Standard Deviation ≤ 0.958. Indicators that enter quadrant I have the category that 

the implementation of the certification expertise and skills of construction labors has been running well and must 
be maintained. 

2) Quadrant II: Mean ≥ 3,475, and Standard Deviation > 0.958. Indicators that enter the first cadrant have the 
category that the implementation of the certification expertise and skills of construction labors has been running 
well enough, but still biased to be improved for better. 

3) Quadrant III: Mean < 3,475, and Standard Deviation ≤ 0.958. Indicators that enter the third cadrant have the 
category that the implementation of the certification expertise and skills of construction labors less well, so it is 
necessary to get attention and improvement. 

4) Quadrant IV: Mean < 3.475, and Standard Deviation> 0.958. Indicators entering IV cadrant have the category that 
the implementation of the certification expertise and skills of construction labors is not going well and should get 
serious attention to be better. Research result 

Table 2. Average Mean and Standard Deviation 

Code Variable and Indicators  Result N QW 
Mean SD 

A Organizing Performance     
A1 Information on certification 3.686 0.900 60 1 
A2 The socialization of certification 3.600 0.946 60 1 
A3 Implementation of certification 3.686 0.796 60 1 
A4 The cost of certification 3.743 0.950 60 1 
A5 Fees for the cost of certification 3.743 0.886 60 1 
A6 Compliance of certification fee rate 3.229 1.239 60 3 
A7 Certification management requirements 3.486 0.887 60 1 
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Table 2. Average Mean and Standard Deviation 

Code Variable and Indicators  Result N QW 
Mean SD 

A8 Certification procedures 3.286 0.860 60 4 
A9 Certification implementation schedule 3.314 0.867 60 4 

A10 Processing time at Association level 3.086 1.121 60 3 
A11 Processing time at NCSBDN 3.029 1.150 60 3 
A12 Validity period 3.571 0.948 60 4 
A13 Requirements for government project tender 3.029 1.014 60 3 
A14 Requirements for private project tenders 3.200 0.994 60 3 
A15 Requirements for implementation of government 

projects 
3.657 0.802 60 1 

A16 Requirements for the implementation of private 
projects 

3.343 1.027 60 3 

      
B Benefits of certificates for labor     
B1 Job guarantees according to expertise and skill 3.571 0.948 60 1 
B2 Higher salary guarantees 3.629 1.031 60 2 
B3 Guaranteed salary will rise 3.400 1.117 60 3 
B4 Guarantee of increased expertise and skill 3.486 1.040 60 2 
B5 Guaranteed career enhancement 3.829 0.857 60 1 

      
C Benefits of certificates for the company     

C1 Terms of establishment of new company 3.343 0.968 60 3 
C2 Company registration requirements 3.629 0.942 60 1 
C3 Rented for tender 3.143 1.004 60 3 
C4 Be sold out to participate in the tender 2.629 1.190 60 3 
C5 Purchased to other companies 2.543 1.094 60 3 

      
D Performance of the Association of Organizational      

D1 Has written guidelines 3.657 0.958 60 1 
D2 Has a written SOP 4.086 0.853 60 1 
D3 Working as per the guidelines 3.800 0.868 60 1 
D4 Working according to SOP 3.857 0.810 60 1 
D5 Has a cost of certification fee written 3.543 0.950 60 1 
D6 The cost of certification is in accordance with the 

written rates 
3.686 0.993 60 2 

D7 Performance Service implementation 3.714 0.825 60 1 
D8 Performance certification according to regulations 3.657 0.765 60 1 
D9 Implementation of certification and renewal is done at 

any time 
3.743 0.919 60 1 

 Average  3.475 0.958   

 Source: Primary Data Analysis Result 

After that, then each indicator variable can be mapped into four quadrants namely: quadrant I up to the awareness IV 
as shown in Figure 9.and described as follows: 
1)  Quadrant Group I is an excellent research group and needs to be maintained 
2)  Quadrant Group II is a group of research results are good and need to be improved in order to become better, 
3) Quadrant Group III is a group of unfavorable research results and needs to get attention to be improved in order to 

become better, 
4) Quadrant Group IV is a group of unfavorable research results and desperately need to get to be improved in order 

to become better 
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Figure 9. Mapping of Research Results 

 
4. CONCLUSIONS AND SUGGESTIONS 
4.1 Conclusions 
Based on the analysis of data, results and research findings that have been discussed in the previous chapter, this 
study concludes the following matters: 
1) The results of the implementation of the certification expertise and skills of construction labors conducted in 

Surabaya City generally has been running quite well especially in terms of: information, requirements and 
implementation of the implementation of the certification expertise and skills of construction labors. But there are 
still some things that are not working with: the requirements of management and certification is difficult enough 
especially for the certification of madya or major qualification skills and the timing of verification and validation 
process at professional association level and registration process at NCSDB level too long 

2) The value added or benefits gained for construction laborers who have obtained the certification expertise and 
skills of construction labors in Surabaya City are; guaranteed to be easy enough to get a job and gain career 
levers according to expertise or  skill, easy enough to earn higher salaries and gain expertise or  skill, but not 
guaranteed regular salary increases 

3) The added value or benefit of the certification expertise and skills of construction labors for the contractor 
company in Surabaya City is that the certification expertise and skills of construction labors has not been fully 
used for the requirements of: establishing a new company, participating in tenders and implementing government 
or private projects. Similarly, the certification expertise and skills of construction labors may be borrowed or 
traded between contractor companies for the following requirements: establishing a new company, participating 
in tenders and implementing government or private projects. 

4) Professional associations of contractors already have written manual and standard operating procedures (SOP) in 
accordance with prevailing laws and regulations and have been conducting certification of the certification 
expertise and skills of construction labors in accordance with the guidelines or SOP owned and service 
satisfactory. The implementation of the certification expertise and skills of construction labors shall be conducted 
at any time at a non-compliance cost, very expensive and there is no uniform tariff of fees among certification 
providers (professional associations). 
 
 
 

 

GROUP I 

GROUP  II 

GROUP III 

GROUP IV  

Y” = 0,958  

X” =3,475  
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4.2 Suggestions 
Based on the results of the conclusions outlined above, it is recommended that the following things: 
1) To contractor company and construction professional company in Surabaya City, it is suggested to: utilize the 

certification expertise and skills of construction labors as a means to improve the quality of company's 
competence by involving all expertise and skills personnel to perform the certification expertise and skills of 
construction labors. 

2) To the Surabaya City Government and the East Java provincial government it is advisable to intervene through 
NCSBD and the Regional Construction Service Provider so that the certification expertise and skills of 
construction labors can be carried out at a uniform cost, relatively cheaper, no illegal fees and with faster 
processing, especially for small and medium qualified contractors with limited funds 
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ABSTRACT 

 

The DC House project strongly relies on renewable energy sources to provide power to the house for various loads. 
However, when these sources are unable to provide power at a certain time, a back-up energy source from a battery 
must be readily available to fulfill the house’s power needs. This thesis proposes a bi-directional flyback power 
converter to allow a single-stage power path to charge the battery from and to discharge the battery to the DC 
House 48 V system bus. The design, simulation, and hardware prototype of the proposed flyback bi-directional 
converter will be conducted to demonstrate its feasibility. Results from a 35W prototype demonstrate the operation 
of the proposed converter for both charging and discharging purposes. 

Keywords: Bidirectional Converter, Battery Charging, Flyback Converter 

 

1. INTRODUCTION  
According to the Census Bureau, the world population has steadily increased from 2,557,628,654 people in 

1950 to 7,095,217,980 in 2013 [1].  Because of increasing population in the world, energy demand in developing 
nations is expected to rise 65% by 2040 compared to 2010, reflecting growing prosperity and expanding economies 
[2]. In response to the population growth, a greater demand for electricity will be seen from all developed and rural 
countries [2]. Figure 1 reflects the projected energy demand from 2010 to 2040 for different continents and countries.  
 

 
Figure 1. Projected Energy Demand for Different Continents and Countries by 2040 [2] 

 
For the next 30 years, electricity generation represents the largest energy use across four different sectors: 

industrial, transportation, electricity generation, and residential/commercial. However even with advancements in 
science and technology, according to the International Energy Agency (IEA), around 1.3 billion people today still do 
not have access to electricity [2]. Therefore, in order to help combat the dependency on electricity, renewable energy 
has become a larger priority in order to help provide for those that do not have electricity especially in areas 
inaccessible by the utility grid. According to the US Energy Information Association, renewable energy accounts for 
32 percent of the overall growth in electricity generation from 2011 to 2040 [3]. The ability to provide electricity 
power through both new methods and renewable energy creates an opportunity for new technology to meet the 
electricity demand such as the DC House Project. 
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 The DC House project started in 2010 by California Polytechnic State University in hopes of creating an 
operating house whose electricity is provided from DC power. The purpose of the DC House project is to help those 
in third-world countries receive electricity in locations that are not accessible to grid generation. In our 
predominately AC system, small-scale renewable energy sources are generally putting out DC power and hence 
require intermediate energy conversion to AC in order to be accessible to the consumer [4]. However, converting 
from DC power to AC power may imply  extra cost for equipment to implement such a system as well as potentially 
increase the amount of power loss that the system experiences and thus reducing the overall efficiency of the system. 
The DC House attempts to bypass such a power conversion in order to provide enough energy for typical household 
items without the reliance of AC power.  
 The initial study and modeling of individual DC powered home including the design for several possible 
DC power sources was reported in references [5] to [8], and [10]. The preliminary design of the multiple-input-
single-output (MISO) DC-DC converter that ties all the outputs of the possible DC energy sources to a single output 
which provides the main DC bus voltage that feeds power to the DC house was presented in [9]. For the battery 
charging component of the DC House, a bidirectional DC-DC converter is needed to allow power flow to go from 
the DC Bus to the battery (charging) and from the battery back to the DC Bus (discharging). 
 A majority of DC-DC converters provide current in a unidirectional fashion by having a single path for 
current to flow from the input source to the load. For example, a non-isolated topology known as the Buck converter 
provides current from the input source to the output through the MOSFET switch, the inductor, and the free-wheeling 
diode during the time when the MOSFET switch is off. Because of the inability for the switch and the diode to carry 
current in the reverse direction from the load to the input voltage source, the Buck converter is a unidirectional DC-
DC converter. 
  Bi-directional DC-DC converters fall into a generic circuit structure illustrated in Figure 2 which is 
characterized by current or voltage being fed from one side to the other [16]. Based upon the magnitude of the 
voltage and current as well as the placement of the energy storage items, the bi-directional DC-DC converter can 
either operate as a Buck converter by stepping down a higher voltage to a lower voltage or as a Boost converter by 
stepping up from a lower voltage to a higher voltage.  
 

 
Figure 2. Generic Circuit describing Power Flow of a Bi-directional DC-DC Converter [16] 

In order to allow bi-directional power flow between two energy storage items with a DC-DC converter, a secondary 
switch and a reverse diode on the main commutating switch is needed for a uni-directional converter. Bi-directional 
DC-DC converters have been used in applications for charging batteries, electrical vehicle motor drives, and 
interruptible power supplies. Such topologies that have been used include a non-isolated topology such as the buck-
boost and isolated topologies such as the half-bridge, the full-bridge and the flyback. The non-isolated buck-boost is 
an advantageous topology because the converter does not require the transformer to be used as an energy transfer or 
energy storage component and for applications that do not require isolation between the input and output [17]. 
Despite the lack of a transformer, the buck-boost topology relies heavily on soft switching techniques such as zero 
voltage switching (ZVS) or zero current switching (ZCS) in order to compensate for high voltage spikes seen by 
switching MOSFETs and inductors [17]. The half-bridge and full-bridge topology are suitable for high power 
applications and high voltage applications but require large amounts of components and use of snubbers, making the 
design portion of the converter complex [18]. The flyback topology on the other hand uses the transformer as an 
energy storage device, but the topology yields low costs, good transient response, and low amount of components 
[19].  
 As long as the requirement of allowing two paths of current flow is satisfied, any topology, non-isolated or 
isolated, can be converted into a bi-directional topology. Because of the low amount of required components, the use 
of the transformer to compensate for low duty cycle, and the availability of controller chips for commercial purchase, 
the flyback topology will be chosen for the proposed bi-directional DC-DC converter. This paper presents the use of 
the flyback topology for the bi-directional DC-DC power converter. The bi-directional power converter is needed for 
the battery system used in the DC House project.  
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2. TOPOLOGY AND DESIGN REQUIREMENTS 
Generally speaking, any uni-directional converter can be turned into a bi-directional converter by adding an 

additional secondary switch on the output diode and a reverse diode on the main commutating switch. Due to its 
lower cost, low component count, good transient response, and the ability to use the turns ratio to increase the duty 
cycle of the overall system, the flyback topology will be used for the proposed DC House bi-directional converter 
[20]. Two flybacks will be chosen to regulate the discharging and charging stages of the bi-directional converter. 
Figure 3 shows the power stage of the dual flyback with the reverse diodes placed across the switches to make the 
converter bi-directional. Two controller chips will be selected based upon the output voltage and power requirements 
defined in this chapter. 
 

 
Figure 3. Dual Flyback Power Stage of Bi-directional Converter 

Efficiency is an important aspect of the bi-directional converter because of the lifetime of the car battery as 
well as reducing the amount of switching losses from two separate flyback topologies. Therefore, the proposed 
design is expected to operate with greater than 80% efficiency at maximum load for both the charging and 
discharging stage. Although the integrity of the output voltage is not necessarily important since the battery will be 
charged using constant current, the output voltage ripple will be expected to be less than 5% of the 48V output for 
the discharging stage and the 12.5V output for the charging stage. Line and load regulations will be less than 5% for 
both the discharging and charging stage of the bi-directional DC-DC converter. Table 1 summarizes the design 
requirements for the proposed bi-directional converter. 

 
Table 1. Specifications of the Bi-directional DC-DC Converter 

 
 
3. SIMULATION RESULTS 

Because of the power constraint, the LT3748 controller chip is chosen because of its power rating as well as 
its ability to derive information from the output voltage based upon the primary-side flyback pulse waveform [21]. 
The controller features a boundary mode control method, where the output voltage can be derived from the 
transformer primary voltage when the secondary current is almost zero. Using this feature reduces the size of 
transformer, excludes subharmonic oscillations, and improves load regulation [21]. Figure 4 shows the complete 48V 
to 12V charging flyback with calculated resistors and capacitors for each pin of the controller chip.  
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Figure 4. 48V to 12V Charging Flyback with LT3748 Controller Chip 

 
 Figure 4 details the output voltage ripple of the charging flyback with a full load of 2A. The average voltage 
is determined to be 12.6V, with a peak to peak ripple voltage of 0.4V or 3% of the output voltage. Figure 5 shows 
the voltage of the current sense pin of the LT3748 controller when the charging flyback is supplying power for full 
load. Boundary conduction mode can be seen as the voltage of the current sense pin drops to zero. Since the voltage 
of the current sense pin is below the threshold voltage of 100mV, the MOSFET is able to be turned on and off to 
achieve the output voltage.  The line regulation of the charging flyback is calculated to be approximately 0%, 
while line regulation is 0.83%. Figure 7 shows the charging efficiency of the system ranging from a minimum load 
current of 0.4A up to full load current of 2A in increments of 0.4A. 
 

 
Figure 5. Simulated Output Voltage Peak-to-Peak Ripple at Full Load (2A) for Charging Flyback 

 

 
Figure 6. Simulated Voltage at Sense Pin at Full Load (2A) for Charging Flyback 

 
 Figure 8 shows the complete 12V to 48V discharging flyback with calculated resistors and capacitors for 
each pin of the controller chip. Figure 9 shows the output voltage ripple for the discharging flyback with a full load 
of 1A. The average voltage is observed to be 48.3V, with a peak to peak ripple voltage of 0.4V or 0.83% of the 
output voltage. Figure 10 shows the voltage of the current sense pin of the LT3748 controller when the discharging 
flyback is supplying power for full load. Figure 11 shows the efficiency of the discharging flyback from 0.2A to 1A 
load current in increments of 0.2A. The line and load regulations of the discharging flyback are 0% and 1% 
consecutively. 
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Figure 7. Efficiency of the Charging Flyback with Varying Load Current from 0.4A to 2A 

 

 
Figure 8. Simulated Output Voltage Peak-to-Peak Ripple for 1A Load for Discharging Flyback 

 

 
Figure 9. Simulated Voltage at Sense Pin at Full Load (1A) for Discharging Flyback 

 

 
Figure 10. Efficiency of Discharging Flyback vs. Varying Load Current 
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 Figure 11 shows the entire bi-directional DC-DC converter design with the complete LT1716 control 
scheme. 
 

 
Figure 11. Full Bi-directional DC-DC Converter LT Spice Design 

2. HARDWARE RESULTS 
 The bi-directional DC-DC converter was designed using a PCB layout program provided by Express PCB. 
Common-practice rules for design were followed, including minimum trace spacing and proper trace width 
dependent upon average current seen by each trace. The PCB layout was designed using 4 layers: top copper layer, 
power layer, ground layer, and bottom copper layer. Figure 12 shows the entire PCB design with the top layer traces 
and bottom layer traces. The hardware lab test setup is depicted in Figure 13. 
 

    
Figure 12. Top Layer with Silkscreen and Bottom Layer of PCB 

 
 The charging flyback must be able to supply a full load of 2A at a regulated voltage of 12.5V. Thus, the 
flyback will be tested in percent of load increments to monitor the efficiency of the flyback. Also, the output voltage 
ripple will be observed as well as the gate voltages of both flyback controllers to prove that while the charging 
flyback is commutating, the discharging flyback is disabled. Load regulation was measured to be 2.6% while the line 
regulation was 0.252%. The load and line regulations for the charging flyback meet the requirement of less than 5%. 
Figure 14 shows the efficiency of the charging flyback of the bi-directional DC-DC converter over percentage of 
load. Figure 15 shows the output voltage peak-to-peak ripple of the charging flyback at full load conditions 
calculated to be 16%.  
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Figure 13. Test Set-up and Equipment Used for Testing Bi-directional DC-DC Converter 

 

 
Figure 14. Efficiency vs. Percent Load for Charging Flyback 

 

 
Figure 15. Output Voltage Peak-to-Peak Ripple of Charging Flyback at Full Load Conditions 

 
For the discharging mode, the load regulation was calculated to be 2.87%, and the line regulation was 

calculated to be 1.84%. The efficiency plot is shown in Figure 16. Figure 17 shows the output voltage peak-to-peak 
ripple of the discharging flyback at full load conditions. With a measured peak-to-peak voltage of 4V, the output 
voltage ripple is calculated to be 8.2%. Compared to the simulation results, hardware results such as the efficiency, 
line regulation, load regulation, and output voltage of the discharging flyback meet the requirements. The peak-to-
peak output voltage of the discharging flyback at full load conditions is higher than the required 5%. 
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Figure 16. Efficiency vs. Percent Load for Discharging Flyback 

 

 
Figure 17. Output Voltage Peak-to-Peak Ripple of Discharging Flyback at Full Load Conditions 

 
Table 2 shows a summary of the hardware results and simulation results compared to the design 

requirements. 
 

Table 2. Design Requirements Summary after Simulation and Hardware Results 
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4. CONCLUSION 
 The bidirectional converter did meet most of the target electrical constraints. During hardware 
implementation, the converter was able to provide a single path power flow for both the discharging and charging 
flyback using the LT1716 control scheme. For the charging flyback, the bidirectional converter was able to operate 
from an input voltage ranging from 11V to 13V at excellent line regulation. The charging flyback also produced an 
efficiency of 86% with a total output power of 24W at full load conditions of 2A. The charging flyback was also able 
to maintain load regulation from a minimum load of 0.2A up to a full load of 2A. 
 For the discharging flyback, the bi-directional converter was able to operate from an input voltage ranging 
from 46V to 50V at excellent line regulation. The discharging flyback also produced an efficiency of 85% with a 
total output power of 34W at full load conditions of 0.7A. The discharging flyback was also able to maintain load 
regulation from a minimum load of 0.05A up to 0.7A. 
 Although the concept of the bi-directional converter is feasible, further improvements can be done in the 
future such as a better control scheme, larger output power capability, and implementation of the converter with the 
DC House system. The current control scheme does allow the converter to switch between the discharging and 
charging flyback. However, the exchange between each flyback is centered on the set voltage of 11V. Thus, the 
charging and discharging flybacks can only operate between the battery voltages of 11V to 11.1V. An improved 
control scheme would allow the bi-directional converter to operate for a wider battery voltage range. Currently, the 
proposed bi-directional converter is able to supply 35W using the flyback topology. Using other topologies or 
improving on the flyback design of the converter can help achieve the ultimate goal of an output power of 150W. 
Protection schemes such as fuses or current limiting applications on the battery side are needed to preserve not only 
the battery but the 48V DC bus line that feeds into the DC House. 
 

REFERENCES 

[1].  US Census Bureau. (2012, Aug. 28). Total Midyear Population for the World: 1950 – 2050. [Online]. 
Available: http://www.census.gov/population/international/data/idb/worldpoptotal.php 

[2].  “The Outlook for Energy: A View to 2040,” Exxon Mobil., Irving, TX.   

[3].  US Energy Information Administration. (2012, Dec. 5). AEO2013 Early Release Overview. [Online]. Available: 
http://www.eia.gov/forecasts/aeo/er/early_elecgen.cfm 

[4].  Taufik. (2011). “The DC House Project.” [Online]. Available: http://dchouse.calpoly.edu  

[5].  J. Crowfoot. “Design and Modeling of the Cal Poly DC House Power Distribution.” M.S.  Thesis, California 
Polytechnic State University, San Luis Obispo, 2011. 

[6].  D. Kwan, M. Krug. “Hydro-Electric Generation System for the DC House Project.” Senior Project, California 
Polytechnic State University, San Luis Obispo, 2011.  

[7].  E. Lim, S. Liu. “Wind Power Generator Design for the DC House Project.” Senior Project, California 
Polytechnic State University, San Luis Obispo, 2011. 

[8].  B. Hayes, L. Goguely. “Bicycle Power Generator Design for DC House: Off-Grid Energy Solutions.” Senior 
Project, California Polytechnic State University, San Luis Obispo, 2011. 

[9].  T. Wong. “”A Multiple-Input Single-Output DC-DC Converter for the DC House Project.” M.S. Thesis, 
California Polytechnic State University, San Luis Obispo, 2011.  

[10].  W. Varsh, J. Healy. “Human Powered Generation – Seesaw”. Senior Project, California Polytechnic State 
University, San Luis Obispo, 2012. 

[11].  K. Liang. “Design of DC Light Bulb for the DC House Project.” M.S. Thesis, California Polytechnic State 
University, San Luis Obispo, 2012. 

[12].  (2004, July 5). Batteries. http://homepages.which.net/~paul.hills/Batteries/BatteriesBody.html 

[13].  M. Bellis. History Timeline of the Battery. [Online]. Available: 
http://inventors.about.com/od/bstartinventions/a/History-Of-The-Battery.htm 

[14].  Woodbank Communications. (2005). Battery and Energy Technology. [Online]. Available: 
http://www.mpoweruk.com/primary.htm 

[15].  Kingston Technical Software. (2012). Gaston Planté. [Online]. Available: http://www.corrosion-
doctors.org/Biographies/PlantelBio.htm 

[16].  J. Zhang, “Bidirectional DC-DC Power Converter Design Optimization, Modeling and Control,” Ph.D 
dissertation, Dept. Elect. Eng.,Virginia Polytechnic Institute and State Univ., Blacksburg, VA, 2008.  

[17].  F. Caricchi; F. Crescimbini; F. Giulii Capponi; L. Solero. "Study of bi-directional buck-boost converter 
topologies for application in electrical vehicle motor drives," Applied Power Electronics Conference and 



Proceedings of The 2017 International Conference on Technology and Applications  
Surabaya, Indonesia, July 29, 2017 

72 
 

Exposition, 1998. APEC '98. Conference Proceedings 1998, Thirteenth Annual, vol.1, no., pp.287-293 vol.1, 
15-19 Feb 1998.  

[18].  J.Patel; H.Chandwani; V.Patel; H. Lakhani. "Bi-directional DC-DC converter for battery charging — 
Discharging applications using buck-boost switch," Electrical, Electronics and Computer Science (SCEECS), 
2012 IEEE Students' Conference on , vol., no., pp.1,4, 1-2 March 2012. 

[19].  Venkatesan, K., "Current mode controlled bidirectional flyback converter," Power Electronics Specialists 
Conference, 1989. PESC '89 Record, 20th Annual IEEE , vol., no., pp.835,842 vol.2, 26-29 Jun 1989. 

[20].  DC Battery Specialist.(1996).  Frequently Asked Questions (FAQ) About Batteries. [Online]. Available: 
http://www.dcbattery.com/faq.html#3. 

[21].  Linear Technology, “100V Isolated Flyback Controller,” LT3748 datasheet, 2012.  
  



Proceedings of The 2017 International Conference on Technology and Applications  
Surabaya, Indonesia, July 29, 2017 

73 
 

A Single Board Buck and Boost Bidirectional DC-DC Converter for 
DC House Energy Management System 

 

1Taufik, 2Zack Eldredge, 3Zoe Hay 

123Electrical Engineering Department, California Polytechnic State University 

 1 Grand Avenue, San Luis Obispo, California, USA 

e-mail: taufik@calpoly.edu 

 

ABSTRACT 

 

This paper entails the design, construction, and testing of a single board buck and boost bidirectional DC-DC 
converter to reduce components and improve efficiency. The approach aims to replace the previously designed 
converter which made use of a separate buck converter and boost converter boards. The bidirectional converter will 
eventually reside in the Energy Management System (EMS) of the DC House system. This new converter also makes 
use of the temperature sensing capabilities of the state of charge sensor selected in the previous design to allow for a 
better understanding of the system’s operation. Additionally, the sensor and all passive components were 
incorporated into a printed circuit board to create a more reproducible product. Analysis of the bidirectional DC-
DC converter shows high efficiency especially at larger load currents. Testing of the system demonstrated its ability 
to successfully direct power between the 48V DC bus and load and the 12V battery.  
 
Keywords: Bidirectional Converter, Energy Management System, DC House Project 

 

1. INTRODUCTION  
Electric power is essential to modern life. As the ability to store and transmit power improves, so do 

standards of living. One such improvement was the development of power electronics. Power electronics is an area 
of electrical engineering that focuses on efficiently controlling the flow of electric energy by using solid-state 
switches and other electronics. Power electronics is everywhere. Over 40% of the world’s electric power generated 
utilizes power electronics systems. The emergence of switched-mode power supplies to replace large linear power 
supplies allowed advancement in a wide range of industries that now rely on power electronics. Some examples of 
these systems are: consumer electronics (smart phones, laptops), power supplies, renewable energy, data centers, 
transportation (electric vehicles, trains), and DC-DC converters. During the power conversion process, power 
electronics aims to achieve two goals. The first goal focuses on having a small power loss. This, in turn, leads to high 
energy efficiency which means lower cost. The second goal of power electronics is to decrease the size and weight of 
the system, also leading to a lower cost [1]. 

The design of power converters relies heavily on power electronics. The different types of power converters 
are rectifiers (AC-DC), inverters (DC-AC), AC-AC converters, and DC-DC converters. Rectifier and inverter circuits 
take one form of electric energy (AC or DC) and convert it to the other (DC or AC). AC-AC converters take AC 
power and convert it to a different level and/or frequency of AC power through circuit designs such as phase control 
and integral cycle control. DC-DC converters take DC power and convert it to different levels of DC power [1]. 

The use of DC power by many devices and household electronics makes DC-DC converters especially 
prolific. DC-DC converters come in two main types, isolated and non-isolated. Isolated DC-DC converters utilize 
transformers while non-isolated DC-DC converters do not. The non-isolated topologies include for examples the 
buck converter, the boost converter, and the buck-boost converter. The step-down buck converter is essential due to 
the need for high line voltages to be stepped down to lower voltage levels required by different devices. The step-up 
boost converter produces a higher voltage output from a lower voltage input [2]. This function is needed for 
transferring power back to a grid; for example, renewable energy sources like solar and hydro powered generators. 

The desire to utilize clean sources of energy has led to expansion of renewable energy production. The 
distribution of power from a large central plant is disadvantageous due to losses during transmission. This drives the 
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need for smaller scale power sources such as rooftop photovoltaics [4]. Renewable energy sources are naturally not 
stable resources of constant energy. The use of a battery and battery management makes renewable energy sources 
more reliable and practical for widespread use [3]. The function of transferring power from a battery to a higher 
voltage bus or from a higher voltage bus to be stored in a battery requires the functionality of a step-down and a step-
up regulator. The converter system between a DC bus and a battery must therefore allow for a bidirectional power 
flow. 

The DC House Project is a humanitarian effort that aims to bring electricity to rural areas. Locations that are 
too remote to afford or have access to conventional AC power distribution are prime candidates to utilize renewable 
energy sources such as hydro, wind, and solar power. Designing a house to use DC power from DC renewable 
sources also bypasses AC to DC conversion and losses associated with conventional AC houses [3]. The operation of 
the DC House is based on DC renewable power generators connected to a DC bus by a Multiple Input Single Output 
(MISO) controller. The DC bus also connects to a battery system and to the DC House. Energy storage compensates 
for the inconsistent nature of renewable sources such and wind or solar. An energy management system (EMS) is 
required to control power flow and direction on the DC bus [5]. Figure 1 shows the basic block diagram of the whole 
DC House system. 
 

 
Figure 1. DC House Block Diagram Overview 

 
 The current Energy Management System (EMS) for the DC House (as reported in [5]) controls energy flow 
on the 48V bus between the MISO, 12V battery system, and devices inside the DC House. This EMS charges or 
discharges the battery depending on available power and demand from the load. The system also protects the battery 
by regulating its operation. The chip used for battery monitoring is the BQ78412 which is designed to work with 
single 12V Pb-Acid batteries. This state of charge (SoC) indicator is capable of monitoring battery voltage, current, 
and temperature and calculating runtime-to-empty [7]. The system uses an Arduino microcontroller, display, and 
relays that engage the converters between the battery and the DC bus [5].  

Several design changes could improve the operation of the EMS. In the current implementation, the EMS 
does not include temperature monitoring of the battery. Sensing temperature would make a safer and more robust 
system. Additionally, the current design lacks a PCB layout. Implementing the entire EMS system in a PCB layout 
would reduce production costs and create a more easily reproducible product [5]. Lastly, the current EMS system 
utilizes two DC-DC converters; one Buck (step-down) converter used to step down the DC bus voltage to charge the 
battery, and one Boost (step-up) converter used to step up the battery voltage to supply power to the DC House. The 
use of two separate converters is costly, inefficient, and requires excess physical space. A design using a single, 
bidirectional converter would be an improvement in price, efficiency, and size. 
 The purpose of this project is to build and improve upon the existing Energy Management System (EMS) to 
create a more efficient and cost-effective solution. The new EMS system will still perform the same duties as that of 
the present system. It will control the flow of energy between the DC bus, batteries, and the DC house. The EMS will 
also still protect the batteries from overcharge and deep discharge. The improvements and additions that are going to 
be the main focus of this project are as follows: 

 Replace two-converter Buck and Boost system with a single Bidirectional converter 
 Add battery temperature and state of charge (SoC) sensing 
 Create a PCB design to increase product reproducibility 

These improvements should all improve the overall efficiency of the EMS systems as well as lead to a low-cost and 
easily reproducible product. 
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2. TOPOLOGY AND DESIGN REQUIREMENTS 
The Energy Management System (EMS) is designed for the users of the DC House. For this purpose, the 

entire EMS system is required to be efficient, safe, and affordable. It must be reliable and be protected by a weather 
resistant enclosure. The first step to design the EMS system for the DC House was to determine the basic inputs and 
outputs of the system. The inputs are the 12V Battery bank and the 48V from the DC Bus and the MISO. The outputs 
of the EMS system are the 12V Battery bank and the 48V to the DC Bus and the house load. Figure 2 shows the 
basic block diagram with these inputs and outputs. 
 

 
Figure 2. DC House EMS Block Diagram 

The DC House Loads will demand a certain amount of power based on the present usage in the house. If the 
power generators can supply this level of power to the MISO and DC Bus, the EMS system will accept input power 
from the DC Bus and the Multiple Input Single Output (MISO) converter, and direct it to the DC House load. When 
the power generators cannot supply enough power, additional power from the battery bank will be input into the 
EMS system and converted to supply power to the DC House (batteries take on the role as inputs here). When the 
power generators supply excess power, the extra power will be supplied from the DC Bus to charge the batteries 
until fully charged (batteries change role to outputs here). 

From these basic high-level design choices, more in-depth design choices can be derived. For starters, one 
of the primary goals of this project was to improve upon the conversion system between the 12V battery bank and 
the 48V DC bus. Previously, two separate DC converters were used (one step-up and one step-down). The design of 
this project implements a single, bidirectional DC-DC converter [8][9]. The use of a bidirectional converter will 
allow of a higher efficiency, lower cost, and a more technologically advanced system. 

To determine the state of charge (SOC) of the battery, a SOC chip was needed to monitor battery voltage, 
current, and temperature levels. The SOC chip will allow for critical measurements to avoid overcharging or deeply 
discharging the batteries. This complex chip, along with other signals to monitor DC bus current and voltage, need to 
be controlled and monitored by a microcontroller. Furthermore, the bidirectional controller requires some input 
signals to switch between its step-up (Boost) from 12V to 48V and step-down (Buck) modes from 48V to 12V. 
These signals will also be controlled and output by the microcontroller. These design additions can be viewed in the 
more detailed block diagram of Figure 3. 
 

 

Figure 3. Detailed DC House EMS Block Diagram 
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3. DESIGN  

This design of the DC House Energy Management System (EMS) builds on a previous implementation. To 
improve the system, the two separate DC-DC converters responsible for stepping voltage up or down between the 
battery and DC bus will be replaced with a single bi-directional converter. The system software will also be altered 
to utilize the temperature sensing capabilities of the state-of-charge (SOC) sensor. Additionally, the bi-directional 
converter and the SOC sensor will interface with a microcontroller that will output voltage levels and battery data to 
a LCD screen. Lastly, a PCB will be fabricated for the system to create a more replicable product.  

For the bi-directional DC-DC converter, the LTC3871 controller chip was selected. Additionally, this chip 
is available on a demo board, the DC2348A-B, which meets the interface requirements and power capabilities of the 
DC House (48V/12V and high current capabilities). Figure 4 shows the outline of the demo board as well as 
connections to the board; Vhigh and GND connect to the 48V DC bus and Vlow and GND connect across the 12V 
battery. The controls BUCK/BOOST, RUN, and SETCUR are connected to and controlled by the digital output pins 
of the Arduino microcontroller (discussed later). 

The converter will need to be run in constant-voltage (CV) boost mode to supply power to the 48V DC bus. 
In this mode, Vlow (12V) is the input and Vhigh (48V) is the output. Additionally, the BUCK turret is set to 0V and 
the SETCUR turret is set to GND (0V). To charge the 12V battery, the converter will need to be run in constant-
current (CC) buck mode. Here, Vhigh (48V) is the input and Vlow (12V) is the output. Now the BUCK turret is set 
to 5V and the SETCUR turret is set to 1.3V by an external resistive divider powered by the microcontroller. The 
demo manual indicated that for CC buck mode, a 1.25V signal should be applied to the SETCUR turret to start the 
mode with a minimum current. Testing of the board showed that a 1.27V signal was the minimum needed to enable 
the board to run and charge the battery at around 2A. Thus, a safe voltage of 1.3V was selected to drive the SETCUR 
turret. Additionally, test results showed indicated that as the battery voltage drops, the battery draws more current 
from the converter to charge itself.  

A resistor divider network was designed to supply the SETCUR input from the digital input/output (I/O) 
pins of the Arduino. These I/O pins are either 0V or 5V. Since resistor tolerances could result in a voltage slightly 
different than ideal values, and since CC buck mode will not run with a SETCUR voltage below 1.27V, the network 
was designed aiming for a 1.3V output. The following calculations show how the resistor values were determined 
using 1% resistor tolerances.  
 

 

Figure 4. Bi-Directional DC-DC Converter Board and Connections 
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For the SOC sensor, the BQ78412 was chosen as it was the chip used in the previous EMS implementation. 
This sensor was selected as it was designed for lead acid battery banks, has a capacity of 327 Ahr, and can be 
controlled by a microcontroller over UART communication [5]. The circuit for the SOC chip was also preserved 
from the previous implementation of the system. While the state of charge can be approximated using battery voltage 
and discharge curve for the battery, a SOC chip will provide a more accurate measurement. The nodes TX and RX 
are connected to the microcontroller, VBAT+ and VBAT- are connected to the terminals of the 12V battery, and 
Vlow- is the low voltage (12V) bus. The grounded pins of the IC should be connected to the ground of the 
microcontroller. 
 

 
 

Figure 5. 3D PCB layout 

For the microcontroller, the Arduino Mega2560 was selected. This microcontroller was also used in the 
previous EMS implementation thus allowing the reuse of a majority of the code that had already been written. The 
Mega2560 was chosen because it has enough input and output ports, sufficient current driving capabilities, and its 
widespread use and relatively low cost [5]. Additionally, an LCD screen was selected to interface to the Mega2560 
through the SDA and SCL pins. This screen indicates the various voltage and SOC readings to the system user. 

The SOC sensor system and a majority of the additional components required for the microcontroller to take 
voltage and current measurements were incorporated into a printed circuit board (PCB) layout. The PCB was 
designed using Altium Designer 17.0 software and was carefully mapped out to go on top of the Arduino with 
compatible header pins. Figure 5 shows a three-dimensional rendering of the manufactured and soldered PCB. 
 
4. HARDWARE RESULTS 

This version of the EMS for the DC House expands on the software written for the previous implementation 
[5]. The software is modified to support the changes to the system and to add off-states for the converter. The simple 
state diagram remains generally the same as the EMS still performs the same function of charging or discharging the 
battery based on measurements from the system. This state diagram can be seen in Figure 6. 
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Figure 6. Simple State Diagram of Arduino Code 

 
 After the system design and PCB layout were completed, the components were selected and ordered. The 
parts are listed in the Bill of Materials included in Appendix A4. A large part of the construction of the system 
required populating the PCB. The Arduino specific header pins provide electrical and mechanical connections 
between the PCB and the microcontroller to allow the PCB to mount directly onto the microcontroller. Figure 7 
shows a picture of the populated PCB mounted on the microcontroller. 
 

 
 

Figure 7. PCB and Arduino Microcontroller Setup 

 
Connections to the bidirectional converter and the external button, switch, and display were made with leads 

and jumpers. A significant part of the design procedure was selecting appropriate connectors. Most of the power 
connections were made for banana-to-banana leads. The remaining connections, including the signal control 
connections, were made using banana-to-wire wrap. The LCD display is controlled and connected to the 
microcontroller via jumpers. An enclosure was selected and holes were drilled for the display, button, and external 
connectors. The system components were then mounted inside of the protective case. Figure 8 depicts the 
constructed enclosure. 
 

 
 

Figure 8. Fully constructed enclosure: inside (left) and outside (right) 

 
The Bidirectional DC-DC converter was tested to determine its operating efficiency. Boost mode will be 

used when discharging the 12V battery to supply power to the 48V DC bus. This mode was tested with a 12V DC 
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power supply connected to the Vlow side of the converter and an electronic load set to a constant voltage of 48V 
connected to the Vhigh side. In boost mode, the converter is rated for a maximum output current of 15A [9]. 
However, when testing in the lab, the DC power supply was only able to supply up to 4.95A at 11.9V. The results 
are shown in Figure 9. This power supply limit corresponds to an output current of only 1.1A, a fraction of the 15A 
maximum (note that the output current here is on the Vhigh side). As shown by the results, efficiency improves as 
the output current approaches the full capability of the converter, reaching a maximum of 90% at 1.1A. The 
significantly higher capability of the converter indicates that a much greater efficiency could be reached when 
operating at a higher input/output currents exceeding those which could supplied during the lab test. 
 

 
 

Figure 9. Efficiency of the Bidirectional DC-DC Converter Operating in Boost Mode 

 
 The converter will be operated in buck mode when power is drawn from the 48V DC bus to charge the 12V 
battery. This mode was tested with a DC power supply set at 48V connected to Vhigh and an electronic load set at a 
constant 12V connected to Vlow. In this mode, the output current can be controlled by changing the voltage applied 
to the SETCUR turret (note that the output current here is on the Vlow side). The valid range for the SETCUR 
voltage for buck mode operation is from 1.25 to 2V as indicated by the operation manual [9]. Again, due to power 
limitations in when testing in the lab, the full capabilities of the converter could not be tested. In buck mode, the 
converter is rated for a maximum output current of 60A. The results are shown in Figure 10. During testing, the DC 
power supply was only able to supply up to 1.1A input current at 48V. This corresponded to a maximum efficiency 
of 88.1%. Again, the converter efficiency improved as output current increased indicating greater efficiency could be 
observed by testing the converter at a higher power. It was observed that a SETCUR voltage of between 1.29V to 
1.33V was the range where the converter operated at 88% efficiency. This corresponds with the design decision to 
select resistors to set the SETCUR voltage between 1.291V and 1.329V when accounting for worst case resistor 
values based on their tolerances. 
 

 
Figure 10. Efficiency of the Bidirectional DC-DC Converter Operating in Buck Mode 

 
The system was tested using different setups depending on the mode of operation being simulated. Figure 

11 shows the test setup for when the EMS directs power from the 12V battery to supply power to the 48V DC bus. 
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The power supply and electronic load were adjusted to emulate different conditions and control the mode of the 
converter.  
 

 
 

Figure 11. Efficiency of the Bidirectional DC-DC Converter Operating in Buck Mode 

 
Table 1 shows a summary of the module’s behavior corresponding to the logic implemented in the system’s 

software. As in the Bidirectional DC-DC Converter Testing section, testing of the system was limited by the power 
capabilities of the available supplies. Other research for the DC House project (such as in [6]) indicated a maximum 
load current of 6.25A. As stated in the converter test section, the power capabilities of the DC power supply used to 
act as the 48V DC bus input to the converter allowed only a maximum output current to the load of 1.1A. More 
powerful test equipment would be required for testing at more realistic load conditions of at least several amps. 

Table 1. System Conditions and Behavior 

 

5. CONCLUSION 
Test results for the EMS exhibited the behavior desired for control of power flow in a DC House system. 

Using voltage and current sensing, the EMS charges, discharges, or remains idle depending on the power needs of 
the system and the SOC of the battery. The LCD outputs these measurements as well as battery voltage, temperature, 
and SOC readings taken from the SOC sensor. This design of the EMS for the DC House aimed to create a more 
developed version of a previous proof of concept. The fabrication of a PCB will allow the system to be more 
replicable and the larger LCD can display more system information. The bidirectional DC-DC converter 
accomplishes the function previously achieved by two separate converters and the newly revised code utilizes the 
temperature reading capabilities of the SOC sensor as well as including off states when the system should preserve 
the battery voltage for more efficient operation.  
 While this implementation of the EMS for the DC House made some improvements to the previously 
completed proof of concept, future works could produce a more robust system. When observing the system’s 
measurements during testing, there was significant delay between a change in test conditions and the update of the 
display. This was due to the slow nature of the serial data communication. A chip with faster communication 
protocol would allow the system to be more responsive. Another aspect of the system that requires reconsideration is 



Proceedings of The 2017 International Conference on Technology and Applications  
Surabaya, Indonesia, July 29, 2017 

81 
 

the overvoltage protection method for the analog input pins of the Arduino Mega which are used to take voltage 
sense readings. This issue might be able to be addressed in code by determining how much voltage corresponds to 
the current being conducted by the Zener diodes. In the final design of the system, this function could not be reliably 
implemented and the Zener diodes were removed. Alternatively, a passive low pass filter could be used at the point 
where the Arduino pin is connected. 
 A future design of the EMS should consider a different method for taking current measurements. This 
implementation relies on an analog voltage reading taken by the Arduino from across a current sense resistor which 
is then processed in code to output a current measurement. Another error observed during testing was caused by the 
technique of biasing the source current sense analog input pin of the Arduino to 2.5V to bring the negative voltage 
across the current sense resistor into the positive voltage range. While the current measurements obtained from this 
design were acceptable for the basic functionality of the system, they were not as accurate as those taken directly 
with a multimeter during testing. Another method such as a dedicated IC or current transducer could provide more 
accurate readings.  
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ABSTRACT 

 

Today, herbal products are so phenomena in the society. Technology is so important in this industry. The benefits 
and the efficacy that contained in this product can be maintained if the technology can be managed properly. This 
research present how the technology management is applied in the herbal product industry. This research is 
descriptive qualitative with sunflower seed oil as object and Sunflower CV. as subject. From this research found that 
the owner mostly use natural process and enough science technology to produce the herbal product. The owner do 
the management very well so the product really naturalness and usefulness. By combining the technology of science, 
equipment and machines which is self created, the efficacy of sunflower seed are well preserved.  

Keywords: Technology, Technology Management, Sunflower seed oil. 

 

1. INTRODUCTION  
Activities management are not only limited on company activity but also outside the company. Management 

activities are very abroad including in the field of technology. Today, it seems difficult to separate engineering and 
management activities (Nazaruddin, 2008). This is because the role of technology is so important for the company’s 
life cycle, including the sunflower seed processing industry into health product. Wrong technology can reduce the 
efficacy of sunflower seed or may even be life-threaten to the sufferers. Therefore, technology management is 
needed. 

Many people do not know the usefulness of the flower that has the latin name of Helianthus Annuus Linn 
and belong to the family of composite (Asteraceae). The function of Sunflower not only as an ornamental plant but 
also has many benefits. According to Cholid & Balittas (2009) sunflower can be utilized as foodstuff, biofuel, health 
and medicine, and other added value.  

The benefit of health and medicine taken from the oil. This oil can be used as an anti aging skin care, either 
in supplements form or pure oil form that used for cooking. The sunflower seed has a balanced nutritional 
composition that is beneficial to body’s health, such as vitamin A, Vitamin E and good fats (omega-6) so that this oil 
can be used internally and externally for the body (Fahrudin, 2015). 

The concept of healthy lifestyle “back to nature” done by the community. This movement is also supported 
by WHO through their programs “Traditional Medicine Strategy”. WHO also signed MOU, one of them is with India 
to promote traditional medicine. Sunflower seed oil can be an alternative. The efficacy of sunflower seed oil can 
perceived by the society if technology done properly. Therefore, technology management is required. Besides to 
improve business efficiency, the existence of technology management also impact on improving business 
competitiveness and innovation creation. 

Sunflower CV. is one of the company that produce health product with sunflower seed oil as raw materials. 
This CV was established in 2003, based in Blitar. The product is sunflower seed oil which then formulated into 
various products. This research focuses on how the company implements management of technology in the process 
of producing sunflower seed oil.  
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2. METHODOLOGY 

This research is a qualitative research so the test is done without using statistical tools to find meaning. The 
method is descriptive method. This method is used by searching the elements, characteristic, to illustrate why the 
phenomenon occurs. This method is also used to get in-depth data and contains the meaning of the actual data and 
exact data (Suryana, 2010). This method begins by collecting data, analyzing data and interpreting it. 

The variables in this research are : sunflower seed oil, technology and technology management. Based on 
some understanding of variables, Setyawan (2008) concluded that the variable is an attribute or character or value of 
people, objects or activities that have certain variations set by the researchers to be studied and drawn conclusions. 
 This research uses qualitative approach. In this research did not use population an sample because this 
research departs from certain cases that exist in certain social situation in which case the research departs from the 
role of technology and application of technology management on the Sunflower CV. This is like what was said by 
spradley that cited by Sugiyono (2011) which uses the term of population as a “social situation” that consisting of 
three elements, namely: place, actors and activity that interact synergistically. 
 Data in this research consist of primary and secondary data. Primary data were collected through a basic 
theory search of technology management to support the processing of research. It starts from collecting all the 
relevant literature and studying the researches that have been done before. The output of this literature study is the 
collection of relevant references with problem formulation that is about the application of appropriate technology 
management to the sunflower seed processing industry as a sustainable health product. Secondary data were 
collected through direct observation and depth interviews with the owners on sunflower CV. Esterberg (2002) 
suggest that there are several types of interviews, including structured, semi-structured and unstructured. In this 
research use semi-structured and unstructured interviews so then interviewee can be more free to express their 
opinions and interviewer can get the information beyond the guide question but it is still in the research area.    

The method of qualitative data analysis according to Miles and Huberman, as quoted Sutopo and Arief 
(2010) are three technique there are data reduction, data presentation and conclusion,.  
 
3. RESULTS (Technology Management in Sunflower CV.) 
 
3.1 Technology management definition 
 The word Technology comes from the Greek ‘Technology’. Where Techno means art/craft and Logia 
means science, theory, study of something or branch of knowledge of a discipline. Technology can also mean entity 
that are useful to humans like machines, but can also include a wider range such system, organizational method and 
technique (Dj, 2009). 
 Technology refers to several things (Wanridz, 2015) : 
a. Application of equipment and method for the production process 
b. Method of applying knowledge or technical equipment 
c. Machines and systems are considered as a set 
d. A set of knowledge of  a society or culture that is practical (applied) 

Technology has some definition based on reasoning of the experts. Dosenit.com (2015) conclude the 
technology as follows: 
a. Technology is a practical method used to create something useful and can be used repeatedly. 
b. Technology is created by humans, many related to the practical activities that humans do daily. 
c. Creation and development of a technology is for the purpose of human development where technology was 

deliberately created to help facilitate the job and human activities. 
d. The basic of science that possessed by technology is scientific science which is a practical version. 
e. Every technology can be created and also developed in accordance with the needs and also the capabilities of 

humans. The limits of a technology are just human thoughts. As long as humans can look for new ideas then 
technology development will never stop. 

Still according Dosenit.com (2015), some examples of technology are: 
 Information technology 
 Mechanical and industrial technology 
 Computer technology 
 Other technologies  

If connected with management, then technology management is a discipline that bridges the field of 
engineering and science with the field of management devoted to planning, development and implementation of 
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technology in order to achieve the strategic and operational goals of an organization. Thus described as follows 
(Khalil, 2005) : 

 
 
 
 
 
 
 
 

Figure 1. Technology Management 
 
 According Sinaga (2010) Management is the process of planning, setting, supervising, and controlling. Or 
often we hear about management abbreviation is POAC (Planning, Organizing, Actuating, Controlling). The purpose 
of applying technology management is to create and/or add value to the company through technology either self-
created or obtained from the outside. Creation/enhancement of value can be done through the creation of business, 
the creation/improvement of products and services or the creation /improvement of processes (Nazaruddin, 2008). 

So it can be concluded that doing technology management means managing a technology starting from 
planning, Organizing, Actuating and Controlling the technology to create and add value to the company in order to 
achieve the strategic and operational goals of an organization. 

 
3.3 Processing of sunflower seed oil 
 Cholid & Balittas (2009) suggests seed peeled with peeling machine before pressed and then heated 180º-
240º F then mechanically pressed using expeller. The next stage is placed in the process of extraction solvent to 
separate the rest of the oil by washing chemically. The oil that produced is exported as crude oil or refined for local 
consumption. The purification process includes degumming process by adding hot water and combined with a 
centrifuge. The oil is then washed and given fragrance by the heating/cooling process and the final filtration does not 
require hydrogenation. Then if described is as follows: 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Processing of sunflower seed oil 

 (Images are processed based on proposed by Chalid & Balittas, 2009)  
 
  
 

Almost same with Chalid & Balittas, Endah (2013)  also described the processing of sunflower seed into oil 
and flour product through the process of drying, peeling, cleaning and sorting, smoothing and pressing the seed with 
screw press (cold pressing). The process of drying and sorting using the machine while other process without 
machine. Endah continued, for oil after produced from screw press machine must be purified first. The purification 
process includes degumming, neutralization and bleaching. Oil, flour, and other products are subsequently consumed 
for health improvement. If described is as follows: 
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Figure 3. Processing of sunflower seed oil 
 (Images are processed based on proposed by Endah, 2013)  

 
 Some of the processes that need to be explained are as follows: 
- Purification, through different several process in each company, but generally there are : 

1. Degumming. The process of separating gum (sap), by dehydration gum then followed by the centrifugation 
process with add chemicals that can absorb water (Ilham, et al, 2013) 

2. Neutralization. The process of separating free fat acid from oil or fats. It can using Caustic Soda, Natrium 
Carbonate, Solvent Extraction, Ethanol Amine and Ammonia (Ilham, et al, 2013). 

3. Bleaching. The process to remove undesirable dyestuffs in oil. It can using absorbent or chemicals (Ilham, et 
al, 2013).  

- Extraction is the process of separating a substance from its mixture by dividing a solute to taking the solute from 
one solvent to the other solvent. (Ilham, et al, 2013). He continued for extraction, oil solvents or fats commonly 
used are petroleum ether, gasoline carbon disulfide, carbon tetra chloride, benzene and n-hexane. Caesari and 
Martadilla (2010) explained about the manufacture of make cooking oil from sunflower seed using extraction from 
n-hexane solvent. Lukito A., et al, (2004) also conducted comparative experiment of extraction sunflower seed oil 
using n-hexane and ethanol. 
 

3.4 Implementation technology management in the company 
 From some processing of making sunflower seed oil above shows that the process is susceptible to using 
chemicals. Although used in small quantities according standard but chemicals remain dangerous, moreover as a 
medicine, it will be consumed in the longterm and continuously. Besides, by the process of heating or cooling can 
damage the substances that are in sunflower seed. Gunawan (2009) said that “the best oil is processed without 
heating or cold press”  

Just for example, caustic soda (NaOH) in neutralization process. Juanda (2011) suggest caustic soda if 
contact with the skin causes irritation and burns and if swallowed, caustic soda can be fatal. Another example is n-
hexane as extraction solvent. Outbreaks of nerve disorders that hit shoe workers in Japan and Italy. Doctors 
determining the disease was caused by the workers breathing air containing high concentrations of n-hexane that 
came from glues and solvents the workers used in assembling the shoes (US Department of health and human 
services, 1999). In Material Safety Data Sheet (2008) identification that n-hexane is danger of serious damage to 
health by prolonged exposure through inhalation. Breathing vapors may cause drowsiness and dizziness. Causes eye 
and skin irritation. Possible risk of impaired fertility. Aspiration hazard if swallowed. Can enter lungs and cause 
damage, also dangerous for blood, central nervous system, liver, and respiratory system.  

Sunflower CV innovates how to keep the product still original, natural, nutritious, so the body remains 
healthy. They combining the simple tools and machine (own creation) with his knowledge, created a natural health 
products and safe to consume continuously. The process is as shown in figure 4. 

 
 
 
 

 
 
 
 

 
Figure 4. Processing of sunflower seed oil 

(Images are processed based on interview result to the owner) 
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 The picture shows that the owner does not use chemical process at all in the manufacture of sunflower seed 
oil, neither in the purification nor in the extraction process until it becomes oil. According to the owner, in addition 
to maintaining health welfare, the process of such as degumming is unnecessary. It is because after conducted a 
number of research by the owner, evidently, gum from sunflower seed, also efficacious. Therefore, the gum doesn’t 
need to be removed. 

Although it doesn’t use a chemical process at all, pure sunflower seed oil can last up to 4 years (based on 
the results of the research owner). In his research, he also found, if sunflower seed oil splashed on dead rats then the 
oil is taken again, the bacteria becomes disappear and not in oil. This is indicates that the oil of sunflower seed can 
prevent the entry of bacteria. 

In a day, sunflower CV produces about 500-700 bottles, marketed almost all regions of Indonesia and 
abroad (England, America). In the packaging, sunflower CV also innovate, initially, they using box now without 
box.  

Past                                                  Now 

 
4. CONCLUSION 

The owner of Sunflower CV has been doing technology management activities very well. There are apply 
technology as needed. The owner are wise enough and able to manage technology kindly. Because this is a herbal 
product industry. Where the product used both inside and outside the body. Inside by absorbed and outside by 
applied to the body. If wrong or over technology, the danger can be life-threatening.  

Such cases of making oil from sunflower seed, although there is a technology to separate 2 or more 
mixtures using chemicals but in the process of medicine, chemicals are should not be used at all. Because, even 
though consumed in small quantities but if repeatedly, it will accumulate in the body.  

So, in technology management, before decide what technology will be used, it need to be identified, if the 
output of production process is a product that will be consumed, then removed technology that using chemicals. The 
steps are as follows: 
1. Product identification 

a. Product consumed by the body, or 
b. Product are not consumed by the body, or 
c. Services 

2. Especially for product that consumed by the body (either absorbed or applied to the body), make sure, raw 
materials and production processes without chemicals at all. 

3. Management process begins, for example starts from planning 
Planning of technology, 
- What technology will be used, equipment, machines, science, computer or another technology. 
- How technology is used in the production process. 
- Quality of technology safety. 
- Pay attention with limitation/weaknesses of technology that will be used. 

4. Management process is done from the beginning of production until packaging and distribution 
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ABSTRACT 

 

In the early stages of housing project planning, the project owner requires an initial cost estimate as an estimate in 
determining the value of the investment. For that we need to develop a cost estimation model that is more precise, 
easy to use, and can be justified. Cost Significant Model is one method of estimating the cost of projects that have 
been widely applied with fairly accurate results according to some previous research. This study aims to develop 
estimation model in the early stages of housing project planning in Surabaya, Gresik and Sidoarjo. The development 
method uses the principle of "Cost Significant Model" and multiple linear regression equation. The data were taken 
from 8 simple housing project packages using Bill of Quantity method from fiscal year 2012 until 2016 then 
compared with 1 work package to be implemented. The results concluded that the cost significant item of 85, 78% 
consists of work: roof and ceiling (X6), painting (X8), sanitation and channel (X11). Cost estimation model of 
housing development using cost significant model obtained equation Y = 1,782,020.22 + 0.893 X6 + 4.479 X8 + 
4.675 X11 

Keywords: cost, estimate, significant, model, hosing.  

 
1. INTRODUCTION  

The growth of the property market is expected to be followed by rising house prices, where the rise in prices 
is inseparable from rising prices of construction materials and inflation factors. For every residential project 
developer requires a precise and accurate estimate of price estimates, related to early marketing before the project is 
completed[1]. Therefore, inaccurate estimation of costs can lead to project efficiency being disrupted which in turn is 
the main cause of losses and less than optimal results, even the construction project cycle can be cut off [2]. One 
important process in the project is the cost estimation phase. Often, when the project is in its early stages, the 
information to estimate is not too detailed, so estimation results tend to be less accurate. Therefore, a cost estimation 
model is needed that can explain most projects based on as little information as possible. One method of estimation 
that can be used is the Cost Significant Model, which is an estimation model that uses the cost of work that 
significantly affects the total project cost [3],[4],[5] 

The Cost Significant Model is a model of total cost forecasting of a construction project based on contractor 
bidding data that has been implemented, which focuses on the most significant job prices affecting the total project 
cost as the basis for forecasting which is translated into multiple regression 6]. To estimate the cost of the concept of 
the Cost Significant Model is to rely on well-documented findings, that 80% of the total project cost is contained in 
the most expensive 20% of work items. For projects that have similar characteristics, the cost-significant items are 
roughly the same [7]. 

This study uses data from similar projects that have been implemented previously. This study uses Cost 
Significant Model method to estimate the total cost of simple and healthy residential development projects in 
Surabaya and its surrounding areas. The data is collected by using sampling method that is sourced from several 
developers and contractors in Surabaya, Gresik and Sidoarjo from 2012 until 2016. The purpose of this research is to 
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get estimation of housing cost to be used by investor and developer in determine the initial of residential project cost 
estimate. 
2. METHODOLOGY 
2.1 Research design 

The design of this study begins with the collection of bill of quantity project data then the data grouped on 
each more specific functions. To obtain a more accurate conceptual cost estimation model, this research will develop 
by Cost-Significant Model estimation method. As the basis of the Cost Significant Model in this study is to group the 
percentage of mean results on each independent variable to 80% percent of the total value of the highest project then 
ranked. 

 
2.2 Data Collection 

Sampling should produce accurate and precise samples. Inaccurate samples will give unexpected research 
conclusions or result in false conclusions [8]In this study, data collection is done by reference as follows: 

1. Data collected in the form of bill of quantity residential project. 
2. Component price of bill of quantities collected without value added tax  
 
2.3 Identification of variables 

Identification of  variables of  this study uses the cost of several jobs as independent variables consisting of: 
preparation work (X1), foundation work (X2), reinforced concrete work (X3), couple and stitching work (X4), floor 
work (X5), roof and ceiling work (X6), doors and windows work (X7), painting work (X8), locks and hangers work 
(X9), electricity work (X10), sanitation and drainage work Meanwhile, the dependent variable (Y) is the total cost of 
the project. 

 
2.4 Analysis Method 

For the implementation of data analysis techniques, initially the data are grouped, then After the results are 
grouped data analysis techniques in this study carried out with the following stages: 
1. Calculation of influence time value 

The influence of time value can be calculated because of the reduced value of money due to the factor of inflation 
each year. The calculation uses Future Value (FV) with the following equation [9] 
 

� = (� + �)� 
 
Where: 

F : The Future value 
P : The Present value 
I : Inflation factor 
n : Year of projection 

2. Determine the cost-significant items 
By looking at the description of research results, obtained the proportion of each cost component 

(independent variable) to the total cost (dependent variable). The proportions are sorted from the largest to the 
smallest. Significant items are identified as the largest items whose percentage is equal to or greater than 80% of 
the total cost. The independent variables identified as cost-significant items will then be analyzed using the SPSS 
program [7]. 

3. Test requirements for analysis  
Normality test aims to determine whether the data obtained is Normal distribution or not. The statistical 

method for testing normality in this study is Shapiro Wilk [sn2 (x) -Sn2 (x)], D = max ". [10] 
 

4. Multiple linear regression analysis test. 

Y = a0+a1X1+a2X2+a3X3+ …………..+anXn 

Where: 
Y = estimate for the dependent variable Y, 
a0 = estimated parameter constant a0, 
a1, a2, a3, ..., an = estimated parameter of regression coefficient a1, a2, a3, ..., an, 
X1, X2, X3, ..., Xn = the value of the independent variable. 
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3. RESULTS 
3.1 Research Data 

Research data in the form of budget development cost of some residential projects obtained from various 
source developer and contractor in Surabaya, Sidoarjo and Gresik from 2012 until 2016 can be seen in Table 1. 
While data of inflation value from 2012 until 2017 in Surabaya city according to sources from the Indonesian 
Statistics (2017) [12], can be seen in Table 2 
 

Tabel1 Residential Project in Surabaya City 2012-2016 

No Name of Residential 
Location of 

City 
Sample 
Housing 

Year Type 
Building 

Area 
Total Cost 

(Rp) 
1 Golden City Gresik R1 2012 40 40 m2   91.000.000,- 
2 MentariBumi Sejahtera Sidoarjo R2 2012 45 45 m2 101.500.000,- 
3 Istana Mentari Sidoarjo R3 2013 40 40 m2 105.000.000,- 
4 Mutiara Land Gresik R4 2014 40 40 m2 110,000,000.- 
5 Taman Anggun Sejahtera 5 Surabaya R5 2014 36 36 m2 103,500,000.- 
6 SipoaCitylink Surabaya R6 2015 35 35 m2 102,000,000.- 
7 Bukit SekarAnom Gresik R7 2016 30 30 m2   95,000,000.- 
8 The Sun Garden Sidoarjo R8 2016 45 45 m2 145,000,000.- 

Source: Secondary data (2017) 

 
Table 2. Inflation Data of Surabaya City 2012-2016 
No Tahun Inflasi 
1 2012 1,26 
2 2013 2,67 
3 2014 2,23 
4 2015 0,94 
5 2016 2,64 

Sumber: Indonesian Statistics, Surabaya City (BPS)[12] 

Based on Table 1 above and on the basis of data supporting the cost plan of each type of work for each type 
of house, the sample research data can be recorded as in Table 3. In Table 3 Each independent variable and its value 
from 2012 to 2016 is grouped from X1 Up to X11. Similarly, the value of the dependent variable (Y) from 2012 to 
2016 can be seen in Table 3 

 
Table 3 Recapitulation of Research Data Sample 

Var Work Item 

Budget Cost of Housing, Years 
2012 2013 2014 2015 2016 

R1+ R2 R3 R4+ R5 R6 R7 + R8 

X1 Preparation  2,193,038   2,310,000   2,562,000   2,244,000   5,280,000  

X2 Foundation  7,992,405   4,620,000   8,753,500   4,488,000   10,560,000  
X3 reinforced concrete  19,688,608   11,760,000   19,855,500   11,424,000   26,880,000  
X4 couple and stitching  42,138,006   20,685,000   44,835,000   20,094,000   47,280,000  
X5 Floor  7,753,608   4,410,000   11,102,000   4,284,000   10,080,000  
X6 roof and ceiling  48,951,044   24,675,000   58,926,000   23,970,000   56,400,000  
X7 doors and windows  25,049,367   14,070,000   26,047,000   13,668,000   32,160,000  
X8 Painting  15,619,304   9,975,000   19,428,500   9,690,000   22,800,000  
X9 locks and hangers  492,215   1,575,000   427,000   1,530,000   3,600,000  
X10 Electricity  5,755,506   2,730,000   5,764,500   2,652,000   6,240,000  
X11 sanitation and drainage  16,862,025   8,190,000   15,799,000   7,956,000   18,720,000  
 Total (Y) 192,500,000  105,000,000  213,500,000  102,000,000  240,000,000  

Source: Secondary data (2017) 

 
3.2 Calculation of influence time value 

The calculation of the influence of time value of each variable can be calculated by calculating the index of 
each square meter price of each variable multiplied by the inflation value in 2013, 2014, 2015 and 2016 (see Table 
2). Completely calculate the influence of time value on the unit price index of perimeter square work can be seen in 
Table 4 
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Table 4. Conversion of Price Index per m2 Against Inflation Rate  
SAMPLE R1+ R2 R3 R4+ R5 R6 R7 + R8 
YEAR 2012 2013 2014 2015 2016 
AREA (m2) 85 40 76 35 75 
DEPENDENT VARIABLE 

Y 2,324,494.1  2,694,300.0  2,883,373.7  2,991,222.9  3,284,480.0  
INDEPENDENT VARIABLES (X) 

X1  26,481.6   59,274.6   34,600.5   65,806.9   72,258.6  
X2  96,510.6   118,549.2   118,218.3   131,613.8   144,517.1  
X3  237,745.7   301,761.6   268,153.8   335,017.0   367,861.8  
X4  508,828.8   530,777.1   605,508.5   589,270.9   647,042.6  
X5  93,627.1   113,160.6   149,935.4   125,631.4   137,948.2  
X6  591,098.3   633,160.5   795,811.1   702,937.4   771,852.8  
X7  302,478.5   361,036.2   351,771.6   400,823.9   440,120.3  
X8  188,607.7   255,958.5   262,387.0   284,166.2   312,025.6  
X9  5,943.6   40,414.5   5,766.7   44,868.3   49,267.2  
X10  69,499.4   70,051.8   77,851.1   77,771.8   85,396.5  
X11  203,613.9   210,155.4   213,369.7   233,315.4   256,189.4  

Source: Recapitulation of Research Data Sample 
 

The variable price of Y and variable X during 2012 to 2016 is calculated average and standard deviation. 
The proportion of the components of each variable Y, X1 through X11 can be seen in Table 5. 

 
Table 5. Proportion of Cost Components 

No Variable Description Symbol MEAN SD % 

1 Total Cost Y 2,835,574.1   2,681,281.5   100.00  
2 Preparation X1  51,684.4   46,527.7   1.82  
3 Foundation X2  121,881.8   114,366.3   4.30  
4 reinforced concrete X3  302,108.0   289,471.1   10.65  
5 couple and stitching X4  576,285.6   565,066.2   20.32  
6 Floor X5  124,060.5   115,478.0   4.38  
7 roof and ceiling X6  698,972.0   678,666.9   24.65  
8 doors and windows X7  371,246.1   354,514.5   13.09  
9 Painting X8  260,629.0   234,454.1   9.19  

10 locks and hangers X9  29,252.1   27,530.2   1.03  
11 Electricity X10  76,114.1   76,065.1   2.68  
12 sanitation and drainage X11 223,328.8  225,067.1   7.88  

Source: Statistical Analysis Results 

 
3.3 Determine cost significant items 

From Table 5 Description of Research Results of Proportion of Cost Components, can be determined cost-
significant items as shown in Table 6. 

 
Table 6. Cost Significant Item 

No Variable Description Symbol Mean (%) Cumulative (%) 

1 roof and ceiling X6 24.650 24.65 
2 couple and stitching X4 20.320 44.97 
3 doors and windows X7 13.090 58.06 
4 reinforced concrete X3 10.650 68.71 
5 Painting X8 9.190 77.90 
6 sanitation and drainage X11 7.880 85.78 

 Source: Statistical Analysis Results 

 
3.4Normality Test 

Since the number of samples is less than or equal to 50 then the data normality test using Shapirow Wilk 
method. Testing is conducted based on the guidance of comparison of probability value with significance value (α = 
0,05). The data requirement is called normal if probability or p> 0,05 or (p> α). The summary of normality test 
results based on Shapirow Wilk value can be seen in Table 7. 
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Table.7. Normality test based on Shapiro Wilk value 

No Variable Description Symbol Probability (sig) Taraf (sig) Remarks 

1 roof and ceiling X6 0,700 0,05 Normal 
2 couple and stitching X4 0,312 0,05 Normal 
3 doors and windows X7 0,125 0,05 Normal 
4 reinforced concrete X3 0,634 0,05 Normal 
5 Painting X8 0,154 0,05 Normal 
6 sanitation and drainage X11 0,276 0,05 Normal 
 Total Cost Y 0,715 0,05 Normal 

Source: Results of SPSS Analysis 

 
3.5 Multiple linier regression analysis test 

The results of multiple linear regression analysis can be seen in Table 8. From Table 8 coefficients, the 
significance value states that; roof and ceiling work (X6) = 0,000 <0.05, painting (X8) = 0,000 <0.05 and sanitation 
work and drainage (X11) = 0,000 <0.05, meaning those works have a significant effect on cost (Y) at 95% 
confidence level. B constant value = Rp 1,782,020.22 states that if roof and ceiling work (X6), painting work (X8) 
and sanitation and drainage work (X11) are ignored, the cost of house construction per m2 is Rp 1,782,020.22. Value 
B = Rp 1.782., 20.22 states that each additional house expansion cost per m2 will increase Rp 1,782,020.22. 

 

Table 8. Constants and Regression Coefficients 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

B 
Std. 

Error 
Beta 

 (Constant) 1,782,020.22 6.953  -.176 .889 

roof and ceiling(X6) 0.893 .000 .219 105067.215 .000 

Painting (X8) 4.479 .000 .576 174345.697 .000 

sanitation and drainage (X11)  4.675 .000 .281 104026.185 .000 

Dependent Variable: Total Cost; Source : Results of SPSS Analysis 

 

Based on the value of B constant and coefficient values (X6), (X8) and (X11) in Table 8, a linear regression 
equation (model) can be made: 

Y = 1,782,020.22 + 0.893 X6 + 4.479 X8 + 4.675 X11 

Where: 
Y = The cost of building a simple and healthy house (Rp / m2). 
X6 = roof and ceiling (Rp / m2). 
X8 = painting (Rp / m2). 
X11 = sanitation and drainage (Rp / m2). 
 
4. CONCLUSION 
4.1 Conclusions 
1. Roof and ceiling work, painting and sanitation and drainage have a significant effect of 85.78% on the cost of 

building a simple and healthy house in Surabaya and surrounding areas, while the remaining 14.22% is influenced 
by other causes. 

2. Model cost estimation of development with "Cost Significant Model" is: 

Y = 1,782,020.22 + 0.893 X6 + 4.479 X8 + 4.675 X11 
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4.2 Recommendations 

In order to do further research with the object of research with the number of samples more, to improve the 
modeling results. In addition, future research should be conducted within a wider range of other areas to be more 
general. 
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ABSTRACT  

 

Increased global energy demand resulted in an energy crisis. Solar Cell is one alternative to fossil energy 
because it can convert solar energy into electrical energy. In this study aims to use energy from solar cell battery as a 
replacement for PLN energy. 

In this Final Project, an equipment control apparatus will be generated from the solar cell battery voltage 
through the wifi network, where application users do not necessarily have to go to the switch box to turn on the 
equipment, but only by pressing the button on the android to activate the equipment desired. 

1. Introduction 
The development of various electronic devices around us already have the ability of wireless computing and 

communications, for example; TV, VCD, air conditioner. To illuminate a number of rooms and home pages of 
course we need a lot of lights so by itself must have many different outlets (as control devices) that are located 
differently. Therefore for the convenience of user device that I will make this must be able to interact with user 
without complicated configuration. Standard Remote control uses Infra Red (IR), while new technology uses radio 
waves, one example is Wifi. 

Technology has several advantages over IR. The main advantage of wifi over IR is that Wifi devices do not 
have to be in line of sight, so devices can interact with each other in spite of obstacles. For that, by utilizing existing 
technology on android-based phones, the authors here want to develop methods of controlling and monitoring Solar 
Cell Lights using Wifi found on Android-based smartphones on the application of technology that will be designed 
authors. 
This application can be an alternative to control and monitoring of Solar Cell Lamps where the old controller is a 
switch connected with the cable and cannot monitor the state of the lights on or off, this will be replaced by utilizing 
Wifi on Android-based phones, so it can control and Monitor lights. 

 

2. System Design 
3.1 Control System 

In this system, the user inputs from the existing lamp control app on the Android device. The input used is a 
standard input that is switch button. The data entered is serial data sent to Arduino via Wifi. Data sent from Android 
will be received by the wifi module in the microcontroller system. Where in this case the microcontroller is Arduino. 
The serial data is translated by microcontroller into parallel data. Parallel data generated by 

Microcontroller forwarded relay through LED indicator that serves to ascertain whether there is wrong pairs 
or not. If up to this stage the process runs smoothly, then relay will forward the data used for 

Turn on and off the lights. Led indicator functions as feedback. That is when the lamp is alive, led will also 
live. Vice versa. The led conditions on / off are used as inputs to the Arduino. Data obtained from the Arduino is sent 
back to the Android device.
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Fig 3.1 Block diagram control system 

 In the above block diagram, the solar cell is the input voltage to charge a battery used to power the arduino and 
DC lamps connected using the module relay. 

 Arduino as a data processor sent by android via Wifi module. 

3.1.1  Arduino Program 

 This program functions as a recipient of data sent from an Android device. Here is the program list: 

 

Fig 3.2 Arduino Program 

 

Once the arduino program for the control has been uploaded, then assemble arduino, wifi module and relay module 
to be able to control the light via wifi and android as in figure 3.3. 

 

Fig 3.3 Control system circuit



3.2 Monitoring Design 

 Material Monitoring 

• Voltage Sensor 

The voltage sensor here as the incoming voltage detector at the lamp is then processed by the arduino 
microcontroller and displayed on the lcd. 

• Current Sensor 

The current sensor as a current detector that flows on the lamp into, is then processed by an arduino microcontroller 
and displayed on the lcd. 

• Microcontroller 

Microcontroller used is the type of arduino UNO which in charge of receiving data with all the advantages such as 
analog data receiver etc, which later data can be accessed via computer. But the arduino itself must first be 
programmed according to the need. 

• LCD 

As the output of data that has been processed in microcontroller can be displayed various ways, one of which is the 
use of LCD. This LCD is required for users who want to see the measured energy quantity does not have to always 
look at the monitor or computer, simply by looking at the LCD display. 

 

Fig 3.4 Monitoring circuit 

3.  Testing 
To know whether the work or not the device that has been made either hardware or software must be done a 

test in the form of performance as well as with measurement of the device also to the response generated. A 
system is said to work well if the system works in accordance with the initial goal achieved when first done the 
design. 

From this test will be obtained data that contains the advantages or disadvantages of the components or 
sensors and systems used. With this test it is expected that the weaknesses of the system can appear and be 
improved in order to obtain better results through corrections to the weaknesses encountered during the test. 

 4.1 Testing Mini Solar cell 

 Mini solar cell functions to convert solar heat into DC volt voltage, the maximum voltage generated by mini 
solar cell reaches 6 VDC only. However, the voltage can be increased by using step up-down boost buck 
converter. 
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Fig 4.1 Step up-down boost buck converter. 

 
Thus we can increase / decrease the voltage according to our wishes. 

 

 

Fig 4.2 Testing of solar cell voltage 

Table 4.1 Testing of solar cell voltage 

Time 
(Clock) 

V out from Solar 
Cell (Volt) 

V out from step up 
converter (Volt) 

12:10 5.3 12.26 

12:15 5.1 11.79 

12:20 4.7 10.87 

12:25 4.7 10.87 

12:30 4.9 11.33 

12:35 4.6 10.63 

12:40 5.1 11.79 

12:45 5.2 12.02 

12:50 4.9 11.33 

12:55 4.8 11.1 

13:00 5.6 12.95 
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4.2 Current and Voltage Sensor Testing 

 This test aims to determine the function of equipment on electronic equipment and the functioning or not the 
equipment.  

 

 

Fig 4.3 Testing voltage and current sensors with no load 

 

Fig 4.4 Testing voltage and current sensors with load 

4.3 Testing Controller Applications 

 This test aims to determine the function of control devices on / off on electronic equipment and the distance of 
control activation lamp using android phone. 

 

 

Fig 4.5 Testing the controller app before the button is pressed 
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Fig 4.6 Light off 

 

Fig 4.7 Testing controller app after button is pressed 

 

Fig 4.8 Light on 
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 The test results from designing prototype solar cell light control system using arduino based Android phone is 
as follows: 

Table 4.2 Results of testing wifi controls 

No 
Range 

Distance 
Time 

Without 
Barrier 

With 
Barrier 

1 1 Meters 5 second ON ON 

2 5 Meters 5 second ON ON 

3 10 Meters 5 second ON ON 

4 15 Meters 5 second ON ON 

5 20 Meters 5 second ON ON 

6 25 Meters 5 second ON ON 

7 30 Meters 5 second ON ON 

8 35 Meters 5 second ON ON 

9 40 Meters 5 second ON ON 

10 45 Meters 5 second ON ON 

11 50 Meters 5 second ON OFF 

12 55 Meters 5 second ON OFF 

13 60 Meters 5 second ON OFF 

14 65 Meters - OFF OFF 

 

4.4 Advantages and disadvantages 

 

4. Conclusion 
 Based on explanations and experiments, we can illustrate the advantages and disadvantages of the lighting 

control system as follows. 

1. Advantages 
 Time and energy efficiency. 
 Practical to use. 
 Users can control this electronic device within a specified range, which is in the table. 
 Users can control electronic devices more safely because they do not make direct contact with electrically 

powered devices. 
 Safe for children and people who are afraid of being electrocuted. 
 Can be controlled more than one device. 

 
2. Weakness 

The range of connections using Wifi is far enough for unobstructed space conditions. However, when 
crossing a wall or other barrier material, the connection distance will decrease. Or it could be called reduced 
range effectiveness. 

Cost of devices that tend to be expensive compared to switches in general. 
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Based on the results of the analysis, the results of experiments and tests that have been done on this control 
system, obtained some conclusions as follows: 

 In the manufacture of prototype devices control system and lighting monitoring using Arduino-based 
Android phone has a main design, namely the mechanical design of the Arduino, wifi module, voltage 
sensor, current sensor, lcd, relay module, and lighting devices. 
 

 Wifi communications can only be done under limited distance conditions depending on the transmitter 
signal capture power of the wifi module and the android smartphone. 

 

 This research has produced a simple and user-friendly interface to be easily operated by the user. 
 

 Android has supported the complete features to build a communication system with a microcontroller. 
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ABSTRACT 
 

Information technologies are playing vital and expanding roles in business. The increasing number of newcomers 
creates a competition where each companies have to survive in clinical laboratory industry. Aware with that 
competition, Clinical Laboratory Populer are trying to utilize information technology as their competitive strategy to 
improve interoperability with agencies, to integrate information systems between their departments, and also to 
improve their overall quality of service. An IT strategic plan have been developed, however, their work plans are 
limited by the company’s budget and time.  
Deciding the priority within the limits is important. The decision-making process is complex and both can generate 
positive results, or make a significant loss to the company. One method that has been used by companies to assist in 
this decision-making process is Analytic Hierarchy Process (AHP), a multi-criteria method of classification 
hierarchies, created in 1980’s (Saaty, 1980). The objective of this study is to use AHP method in IT work plan 
priority selection process in Clinical Laboratory Populer. 
As the result, by using AHP the weight of all alternatives can be measured. The priority of Process Area sorted from 
the highest to the lowest consecutively are SD (0,222), OT (0,179), CAM (0,130), OPF (0,126), SCON (0,112), SSD 
(0,088), RSKM & IRP (0,72). The overall inconsistency ratio is 0,08 (≤ 0,10). Therefore, it can be concluded that 
Process Area SD becomes the priority. 

Keywords: AHP, decision-making process, priority selection. 

 

1. INTRODUCTION  

Information technologies are playing vital and expanding roles in business. Information technology can help 
all kinds of businesses improve the efficiency and effectiveness of their business processes, managerial decision 
making, and workgroup collaboration, which strengthens their competitive positions in rapidly changing 
marketplaces (O’Brien, 2011). Efforts in utilizing information technology at clinical laboratory facilities have shown 
good results such as improving the service processes and creating simplicity in communications with patient. 
Integrated laboratory equipments within a computer system could prevent duplication of test results, and also could 
speed up the laboratory services, which could optimize its overall usability. 

The increasing number of newcomers creates a competition where each companies have to survive in 
clinical laboratory industry. Aware with that competition, Clinical Laboratory Populer are trying to utilize 
information technology as their competitive strategy to improve interoperability with agencies, to integrate 
information systems between their departments, and also to improve their overall quality of service. An IT strategic 
plan have been developed, however, their work plans are limited by the company’s budget and time.  

Therefore, deciding priority within the limits is important. The decision-making process is complex and 
both can generate positive results, or make a significant loss to the company. One method that has been used by 
companies to assist in this decision-making process is Analytic Hierarchy Process (AHP), a multi-criteria method of 
classification hierarchies, created in 1980’s (Saaty, 1980). The objective of this study is to use AHP method in IT 
work plan priority selection process in Clinical Laboratory Populer. 
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2. RESEARCH FRAMEWORK 

2.1. Process Area Mapping 

IT work plans are mapped into the relevant CMMI-SVC Process Area (PA). They are distinguished based 
on categories and specific goals (SG) documented in CMMI-SVC. The results are shown in Table 1, showing the IT 
work plans and their relevant process areas, categories, and spesific goals. 8 Process Areas have been mapped from 
the IT work plans; Service System Development (SSD), Capability and Availability Management (CAM), Service 
Continuity (SCON), Organizational Training (OT), Risk Management (RSKM), Incident Resolution and Prevention 
(IRP), Service Delivery (SD), Organizational Process Focus (OPF). 

 
Table 1. IT Work Plans Mapped Into CMMI-SVC Process Area 

IT Work Plans CMMI-SVC  
Process Area 

Category CMMI-SVC  
Specific Goals 

Development of 
Clinical Laboratory 
Information System 

Service System Development 
(SSD) 

 
 

Service 
Establishment 
and Delivery 

SG 1. Develop and 
Analyze Stakeholder 
Requirements 
SG 2. Develop Service 
Systems 
SG 3. Verify and Validate 
Service System 

IT Infrastructure 
Improvement 

Capability and Availability 
Management (CAM) 

Project and 
Work 
Management 

SG 1. Prepare for 
Capacity and Availability 
Management 
SG 2. Monitor and 
Analyze Capacity and 
Availability 

Maintain usability 
of the previous 
information system 
until the 
development 
process is finished 

Service Continuity (SCON) Project and 
Work 
Management 

SG 1. Identify Essential 
Service Dependencies 
SG 2. Prepare for Service 
Continuity 
SG 3. Verify and Validate 
the Service Continuity 
Plan 

IT training 
programme for 
employee and IT 
staff 

Organizational Training (OT) Process 
Management 

SG 1. Establish an 
Organizational Training 
Capability 
SG 2. Provide Training 

Build Disaster 
Recovery Center to 
protect data and IT 
services 

Risk Management (RSKM) Project and 
Work 
Management 

SG 1. Prepare for Risk 
Management 
SG 2. Identify and 
Analyze Risks 
SG 3. Mitigate Risks 

Improvement for IT 
support services by 
helpdesk 

Incident Resolution and 
Prevention (IRP) 

Service 
Establishment 
and Delivery 

SG 1. Prepare for Incident 
Resolution and Prevention 
SG 2. Identify, Control, 
and Address Individual 
Incidents 
SG 3. Analyze and 
Address Causes and 
Impacts of Selected 
Incidents 

Promotion and 
education for 
patients through 
website 

Service Delivery (SD) Service 
Establishment 
and Delivery 

SG 1. Establish Service 
Agreements 
SG 2. Prepare for Service 
Delivery 
SG 3. Deliver Services 

Standardize IT Organizational Process Focus Process SG 1. Determine Process 
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service (OPF) Management Improvement 
Opportunities 
SG 2. Plan and Implement 
Process Actions 
SG 3. Deploy 
Organizational Process 
Assets and Incorporate 
Experiences 

 

2.2. HIERARCHY STRUCTURE 

There are 4 main criteria used to determine priority on the Process Areas, they are Impact on Business 
Objectives, Ease of Implementation, Human Resource Availability, and Budget Availability. These criteria are 
identified from interview with the managers and the director of Clinical Laboratory Populer. Figure 1 shows a 
hierarchy of the criteria, each are broken down into the 8 Process Areas.  

Figure 1. Hierarchy to determine priority Process Area 

 Definitions of each criteria are explained as follows: 
1. Impact on Business Objectives: Priority of Process Area is determined based on its impact on the business 

objectives of the company. The greater positive impact that could be given by a Process Area, the greater 

the chance for the Process Area to be prioritized.  

2. Ease of Implementation: Priority of Process Area is determined based on its ease of implementation. The 

less complex a Process Area means it is easier to implement and the priority is higher. 

3. Human Resource Availability: The company considers about human resource availability in a chosen 

Process Area. Clinical Laboratory Populer is not an IT company, so utilization of human resource should be 

done efficiently. The company will try to fulfill roles needed within a Process Area. 

4. Budget Availability: The company considers about budget availability, it means if a Process Area requires 

big budget during the implementation, then the company should be able to provide it. If the company could 

not afford the budget, then the priority of the Process Area becomes smaller. 

2.3. DATA COLLECTION 

There are 2 types of questionnaires used in process area priority selection, a pairwise comparison 
questionnaire used among criteria and a pairwise comparison questionnaire used among process area in each 
criteria. The comparative scale used in this step refers to the scale made by Saaty, the scores ranges between 1 
to 9. 
 In the pairwise criteria comparison questionnaire, there are 6 comparative questions which compare all four 
criteria. Meanwhile in process area comparison questionnaire, there are 28 questions which compare the 8 
process area. 

2.4. RESPONDENT 

There are 19 respondents which consist of: 5 branch managers, 1 finance manager, 1 processing manager, 1 
marketing manager, 1 IT manager, 5 IT staffs, and 5 specialist pathology doctors. The respondents are asked to 
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fill the questionnaires, comparing the criteria and the process area in each criteria. The filling process are also 
guided so errors could be minimized. 

2.5. PAIRWISE COMPARISON 

 The comparison data among criteria and process area obtained from questionnaire are summarized into a 
pairwise comparison matrix. The average score or combined score from questionnaire are arranged in a table 
following this condition: 
The ratio value of element Ai compared to element Aj is stated as Aij which express the importance relationship 
between Ai and Aj. When the value of Aij is set, theoretically the value of Aji is 1/Aij, whereas if the value of i is 
equal to j then the absolute value is 1. Numerical values used in the comparison are obtained from the ratio scale, 
refer to the ratio scale table created by Saaty. Table 2, 3, 4, 5, and 6 show pairwise comparison matrices among 
criteria and alternatives. 
 

Table 2.  Pairwise Comparison Matrices Among Criteria 

Criteria Impact on 
Business 

Objectives 

Ease of 
Implementation 

Human 
Resource 

Availability 

Budget 
Availability 

Impact on 
Business 

Objectives 

 
1 

 
5,23 

 
3,72 

 
0,82 

Ease of 
Implementation 

 
0,19 

 
1 

 
3,02 

 
0,35 

Human 
Resource 

Availability 

 
0,27 

 
0,33 

 
1 

 
0,26 

Budget 
Availability 

 
1,22 

 
2,87 

 
3,80 

 
1 

 
Table 3. Pairwise Comparison Matrix Among Process Area for Criteria Impact on Business Objectives 

Criteria SSD CAM SCON OT RSKM IRP SD OPF 
SSD 1 0,79 1,94 0,81 0,85 4,86 0,67 0,38 

CAM 1,26 1 2,20 0,94 1,23 5,22 0,85 0,51 
SCON 0,51 0,45 1 0,41 0,56 3,94 0,39 0,30 

OT 1,24 1,06 2,44 1 1,51 5,66 1,05 0,55 
RSKM 1,17 0,81 1,79 0,66 1 3,77 0,83 0,33 

IRP 0,20 0,19 0,25 0,18 0,26 1 0,17 0,18 
SD 1,49 1,18 2,57 0,95 1,21 5,86 1 0,55 

OPF 2,63 1,97 3,34 1,80 2,99 5,66 1,82 1 
 
 
 
 

Table 4. Pairwise Comparison Matrix Among Process Area for Criteria Ease of Implementation 

Criteria SSD CAM SCON OT RSKM IRP SD OPF 
SSD 1 0,20 0,29 0,19 1,41 0,25 0,18 3,02 

CAM 4,90 1 1,42 0,71 4,95 0,88 0,34 5,36 
SCON 3,45 0,70 1 0,45 4,40 0,85 0,34 4,86 

OT 5,31 1,40 2,20 1 5,56 2,54 0,85 5,86 
RSKM 0,71 0,20 0,23 0,18 1 0,25 0,17 1,94 

IRP 4,02 1,13 1,18 0,39 4,02 1 0,38 4,65 
SD 5,51 2,95 2,91 1,18 5,97 2,61 1 6,41 

OPF 0,33 0,19 0,20 0,17 0,51 0,21 0,16 1 
 

 
 



Proceedings of The 2017 International Conference on Technology and Applications  
Surabaya, Indonesia, July 29, 2017 

107 
 

Table 5. Pairwise Comparison Matrix Among Process Area for Criteria Human Resource Availability 

Criteria SSD CAM SCON OT RSKM IRP SD OPF 
SSD 1 0,40 0,43 0,33 2,22 0,47 0,28 2,87 

CAM 2,48 1 1,29 0,72 4,73 1,33 0,65 5,76 
SCON 2,32 0,77 1 0,73 3,69 1,09 0,37 4,05 

OT 3,02 1,38 1,37 1 5,22 1,86 0,90 5,86 
RSKM 0,45 0,21 0,27 0,19 1 0,27 0,18 2,24 

IRP 2,12 0,75 0,92 0,54 3,75 1 0,45 3,98 
SD 3,62 1,53 2,70 1,11 5,41 2,22 1 5,86 

OPF 0,35 0,17 0,25 0,17 0,45 0,25 0,17 1 
 

Table 6. Pairwise Comparison Matrix Among Process Area for Criteria Budget Availability 

Criteria SSD CAM SCON OT RSKM IRP SD OPF 
SSD 1 0,82 0,39 0,45 1,47 0,76 0,36 3,23 

CAM 1,22 1 0,55 0,53 3,02 0,90 0,46 3,77 
SCON 2,54 1,80 1 0,82 3,09 2,01 0,35 4,33 

OT 2,24 1,87 1,22 1 3,51 2,79 0,65 5,86 
RSKM 0,68 0,33 0,32 0,28 1 0,48 0,18 1,99 

IRP 1,31 1,11 0,50 0,36 2,07 1 0,27 3,69 
SD 2,76 2,18 2,82 1,53 5,58 3,64 1 6,29 

OPF 0,31 0,26 0,23 0,17 0,50 0,27 0,16 1 
 
3. THE RESULT AND ANALYSIS 

Expert Choice 11 software is used to calculate the weight of all criteria and alternatives. The results are 
explained in the following: 
a. Weight of all criteria 

 
Figure 2. Weight comparison among criteria 

The inconsistency ratio obtained from the weight calculation among criteria is 0,08 (≤ 0,10). This means the result is 
reliable. The criteria Impact on Business Objectives has the biggest value 0,410. This means the company 
management believe that the criteria is very affecting the priority selection. The second biggest value is Budget 
Availability (0,372), this means the company management also believe that the criteria can be affecting the priority 
selection, but not as big as the Impact on Business Objectives. The values of the other two criteria, Ease of 
Implementation and Human Resource Availability are 0,138 and 0,079. Both have smaller value than the previous 
two criteria, this means both of these criteria have less impact on determining the priority of process area. 
 
b. Weight of alternatives for criteria Impact on Business Objectives 
The inconsistency ratio obtained from the calculation is 0,00992 (≤ 0,10). This means the result is reliable. The 
biggest weight for the alternatives after processing the pairwise comparison matrix is OPF process area (0,253). This 
means the process area OPF is considered having the biggest impact on the present business objectives compared to 
the other process area. The second biggest weight is the process area SD by 0,150 and followed by OT by 0,149. 

Model Name: Prioritas PA

Priorities with respect to: Combined

Goal: Selecting Priority of IT Work Plans

Impact on Business Objectives ,410

Ease of Implementation ,138

Human Resource Availability ,079

Budget Availability ,372

 Inconsistency = 0,08

      with 0  missing judgments.



Proceedings of The 2017 International Conference on Technology and Applications  
Surabaya, Indonesia, July 29, 2017 

108 
 

Both of these process area have quite similar impact on the present business objectives, although smaller than OPF. 
Figure 3 shows the weight calculation among alternatives for criteria Impact on Business Objectives. 

 
 

 
Figure 3. Weight calculation result among alternatives for criteria Impact on Business Objectives 

 
c. Weight of alternatives for criteria Ease of Implementation 
The inconsistency ratio obtained from the calculation is 0,03 (≤ 0,10). This means the result is reliable. The biggest 
weight of the alternatives after processing the pairwise comparison matrix is SD Process Area (0,277). This means 
the process area is considered as the least complex and its implementation is the easiest than the other process area. 
The second biggest process area is OT with value 0,223 followed by CAM by 0,147. Figure 4 shows the weight 
calculation result among alternatives for criteria Ease of Implementation. 
 
d. Weight of alternatives for criteria Human Resource Availability 
Expert Choice’s calculation shows the value of inconsistency ratio as 0,01 (≤ 0,10), this means it is reliable. The 
calculation show that SD Process Area has the biggest weight with value 0,244. The company considers the human 
resource requirement in that process area is the most suitable process area to be fulfilled. Figure 5 shows the weight 
calculation result among alternatives for criteria Human Resource Availability. 
 

 
Figure 4. Weight calculation result among alternatives for criteria Ease of Implementation 

 

Model Name: Prioritas PA

Priorities with respect to: Combined

Goal: Selecting Priority of IT Work Plans
      >Impact on Business Objectives

SSD ,110

CAM ,135

SCON ,068

OT ,149

RSKM ,108

IRP ,027

SD ,150

OPF ,253

 Inconsistency = 0,00992

      with 0  missing judgments.

Model Name: Prioritas PA

Priorities with respect to: Combined

Goal: Selecting Priority of IT Work Plans
      >Ease of Implementation

SSD ,044

CAM ,147

SCON ,117

OT ,223

RSKM ,036

IRP ,130

SD ,277

OPF ,027

 Inconsistency = 0,03

      with 0  missing judgments.
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Figure 5. Weight calculation result among alternatives for criteria Human Resource Availability 

 
e. Weight of alternatives for criteria Budget Availability 
Expert Choice’s calculation shows the value of inconsistency ratio as 0,01 (≤ 0,10), this means it is reliable. The 
calculation show that SD Process Area has the biggest weight with value 0,283. This means the company considers 
the budget required on that Process Area is the most able to be fulfilled. The second biggest weight is OT with value 
0,193. Figure 6 shows the weight calculation result among alternatives for criteria Budget Availability. 

 
Figure 6. Weight calculation result among alternatives for criteria Budget Availability 

 
 
 
 
 
 
 
 
 
 
 

Model Name: Prioritas PA

Priorities with respect to: Combined

Goal: Selecting Priority of IT Work Plans
      >Human Resource Availability

SSD ,068

CAM ,164

SCON ,130

OT ,202

RSKM ,040

IRP ,123

SD ,244

OPF ,029

 Inconsistency = 0,01

      with 0  missing judgments.

Model Name: Prioritas PA

Priorities with respect to: Combined

Goal: Selecting Priority of IT Work Plans
      >Budget Availability

SSD ,082

CAM ,108

SCON ,159

OT ,193

RSKM ,050

IRP ,094

SD ,283

OPF ,031

 Inconsistency = 0,01

      with 0  missing judgments.
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Model Name: Prioritas PA

Synthesis: Summary

Combined instance -- Synthesis with respect to: 
Goal: Selecting Priority of IT Work Plans

     Overall Inconsistency = ,08

SSD ,088

CAM ,130

SCON ,112

OT ,179

RSKM ,072

IRP ,072

SD ,222

OPF ,126

f. Determining the priority of Process Area 
 Determining the priority of Process Area on each criteria has given different results. The highest priority on 
criteria Impact on Business is OPF, while on the other three criteria is SD. Expert Choice is used once again to 
measure the highest priority from all criteria by calculating the total weight among alternatives. The total weight are 
obtained from the sum of all multiplication among alternative weight in each criteria and related criteria weight. The 
total weight of alternatives will determine the priority of Process Area. Figure 7 and Table 7 show the total weight 
calculation result for all alternatives.  

Figure 7. Total calculation result of the alternatives weight 

 
 
 
 

Table 7. Total weight calculation of Process Area alternatives 

No 
Criteria Process Area 

Criteria name Weight  SSD CAM SCON OT RSKM IRP SD OPF Total 

1 Impact on Business 0,410 0,110 0,135 0,068 0,149 0,108 0,027 0,150 0,253 1,000 

2 
Ease of 

Implementation 
0,138 0,044 0,147 0,117 0,223 0,036 0,130 0,277 0,027 1,001 

3 
Human Resource 

Availability 
0,079 0,068 0,164 0,130 0,202 0,040 0,123 0,244 0,029 1,000 

4 Budget Availability 0,372 0,082 0,108 0,159 0,193 0,050 0,094 0,283 0,031 1,000 

 Total Weight 0,999 0,087 0,129 0,113 0,180 0,071 0,074 0,225 0,121  

 

4. CONCLUSIONS 

By using AHP, the weight of all alternatives can be measured. Process Area SD has the biggest weight 
among the other alternatives as shown in Table 7 and Figure 7. The priority of Process Area sorted from the highest 
to the lowest consecutively are SD (0,222), OT (0,179), CAM (0,130), OPF (0,126), SCON (0,112), SSD (0,088), 
RSKM & IRP (0,72). The overall inconsistency ratio is 0,08 (≤ 0,10). Therefore, it can be concluded that Process 
Area SD becomes the priority.  

This study has shown that AHP can be used to help the company choose the priority on IT work plans. 
Process Area SD represents the IT work plan of promotion and education for patients through website. If that process 
area becomes the priority, then this means the company considers the work plan as the most important work plan. It 
has to be the first priority and has to be done first than any other work plans.  

For further study, the AHP method could be implemented in a software so the company could choose the 
priority of work plans quicker and simpler. Also the AHP method could be combined with any other decision 
making methods so there will be a comparative results between them. 



Proceedings of The 2017 International Conference on Technology and Applications  
Surabaya, Indonesia, July 29, 2017 

111 
 

5. REFERENCES 

[1] CMMI Product Team. 2010. CMMI for Services, Version 1.3. Carnegie Mellon University.  
[2] O’Brien, James A. 2011. Management Information Systems. Seventh Edition. McGraw-Hill International 

Edition. 
[3] Saaty, T.L. 1994. Highlights and Critical-Points in the Theory and Application of the Analytic Hierarchy 

Process. European Journal of Operational Research. 
[4] West, Michael. 2004. Real Process Improvement Using the CMMI. Auerbach Publications CRC Press 

Company. 

 

 

 

 

  



Proceedings of The 2017 International Conference on Technology and Applications  
Surabaya, Indonesia, July 29, 2017 

112 
 

  



Proceedings of The 2017 International Conference on Technology and Applications  
Surabaya, Indonesia, July 29, 2017 

113 
 

Design Analysis of Solar Powered Systems  

Full Flexible 10 WP Capacity 

 
1Jaffarudin S.W, 2Agus Kiswantono 

12Electrical Engineering, University of Bhayangkara Surabaya 

e-mail: 1jaffarudin36@gmail.com, 2aguskiswantono@gmail.com  

 

Abstract 

The need for electricity is good for the industry, offices, and public and individuals are greatly increased. However, 
the increase in demand for electricity is not accompanied by the additional power supply. Based on these problems, 
chosen solar energy as an alternative energy to generate electric power. A tool that is used here is the solar cell 
because it can directly convert solar radiation into electrical energy (photovoltaic process). So that solar energy can 
be used at night, then during the day, the electrical energy generated is stored before a battery which is controlled 
by the regulator. Regulator output is directly connected to the inverter from the DC to AC. The test results of solar 
modules (photovoltaic) indicated that the results of the average power output reached 7.6 Watt, and the currents 
were 0.4 A. This is because the photovoltaic follows the direction of movement of the sun and always located at the 
photovoltaic to remain facing the sun. Therefore, it will still be able to capture the radiant sun to the fullest 

 

Keywords: Solar Cell; Design Analysis; Photovoltaic System; Electric Power. 

1. Introduction 
Energy is the ability to do the job. Energy is the power that can be used to perform various processes of 

activity including mechanical energy, heat, and others. Therefore, almost all disputes in this world, stems from the 
struggle for energy resources. There is some natural energy as a clean, non-polluting, secure and unlimited 
alternative energy known as renewable energy (Akhmad, 2011). New and renewable energy sources in the future 
will increasingly have a very important role in meeting energy needs. This is because the use of fossil fuels for 
conventional power plants over a long period of time will deplete petroleum, gas and coal resources whose reserves 
are increasingly depleted (Anggara etc, 2014). In Indonesia located in this tropical region. Actually has a 
considerable advantage of receiving sustained sunlight throughout the year. Unfortunately the energy seems to be left 
wasted for natural purposes only (Hasan, 2012). In addition solar energy can be utilized with the help of other 
equipment, that is by changing the radiation of the sun of another form. There are two kinds of ways to convert solar 
radiation into other energy, that is through solar cell and collector (Karmiathi, 2012). There is no doubt that solar 
energy is one of the most environmentally friendly and promising sources of energy in the future, since no pollution 
is generated during the energy conversion process, and also its energy source is widely available in nature 
(Rahayuningtyas, etc, 2014). Therefore, the application of Solar Power (PLTS) technology to utilize the available 
solar energy potentials in those locations is the right solution (Subandi, etc 2015). PLTS or better known as solar 
cells (Photovoltaic cells) will be more desirable because it can be used for various relevant purposes and in various 
places such as offices, factories, housing, and others. So it is deemed necessary to be studied further, in order to 
obtain a comprehensive technical study (Ubaidillah, etc 2012). In this study will analyze the design of solar power 
plant system design capacity of 10 WP on the laboratory scale. With the aim of research to calculate the 
characteristics of solar power plants by using Solar Cell 10 WP and calculate the maximum power generated by the 
solar power generated. So it can be analyzed the performance of the design of solar power generation system for 10 
WP capacity. 
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2. Research Methods 

The method used in circuit analysis design is done several stages, including: 

(A). Determination of solar panels used, so that in its use there is no damage to the solar panel itself. 

(B). Determination of the regulator component to be used, so that in the application there is no error of use that result 
in less good or can damage the solar panels and electrical equipment installed later. 

(C). In terms of the use of components, also considered economic terms and conditions in the market, so that in the 
search component is not experiencing difficulties. 

(D). In terms of aesthetics, design tools to be made in such a way that neat, attractive and safe in its use. 

(E). Selecting components that pass the qualifications and according to system requirements, such as BCR and 
inverter (if there is AC load). The methodology used in the design of 10 WP solar power generation analysis can be 
described in the form of a systematic flowchart such as Figure 1. 

3. Results and Discussion 

The first step in this research is to study the literature and design of related systems regarding solar cell power system 
as shown in Figure 2.  

Figure 1. Diagram of the research flow 
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Figure 2. Installation of 10 WP solar cell 

Based on Figure 2, the PLTS block diagram is designed, the working principle of the Solar Power Generation 
(PLTS) created is as follows: the sun is shining, the radiation produced from the sunlight is then captured by the 
photovoltaic solar panel. This solar panel is a combination of several solar cells of very small size and thin both in 
series, parallel or mix (series and parallel), so it becomes a large solar panel and can produce large currents and 
voltages. The working principle of solar panels is that if sunlight is on solar panels, the electrons in the solar cell will 
move from N to P, so that at the output terminal of the solar panel will generate electrical energy. The amount of 
electrical energy generated by solar panels varies depending on the number of solar cells combined in the solar 
panel. The output of this solar panel is a large direct current (DC) electric current. The outlet voltage depends on the 
number of solar cells installed in the solar panel and the amount of sunlight that illuminates the solar panel (Bansai, 
1990). The output from these solar panels can already be used directly to loads requiring a DC voltage source with a 
small current consumption. In order for the resulting electric energy to be used in conditions such as at night (the 
condition when solar panels are not exposed to sunlight), the output of this solar panel must be connected to a 
storage medium, in this case Is the battery. But this is not directly linked from the solar panel to the battery, but must 
be connected to the regulator circuit, where in the circuit there is a charging circuit Automatic charger (Automatic 
charger). The function of this regulator is to regulate the output voltage of the solar panel and adjust the incoming 
current to the battery automatically. In addition, the Regulator works to connect and disconnect the current from the 
Solar Panel to Battery automatically and also serves to disconnect the flow from the load battery when there is a 
short circuit or excessive load. The type of regulator designed here is a type of modification or a combination of 
series and parallel. Solar panels can actually be directly used without a regulator or battery set, but this is not done 
because it can overload the performance of the panel (due to excessive load) so there will be no fatal damage to the 
solar panel. In addition, this regulator also serves to secure from the overload of solar panels so that solar panels are 
not easily damaged (Widodo et al. 2010). The connection of the battery to the load is connected directly to the 
parallel load. If the battery is fully charged. To protect the batteries due to overload or short charge in the load, then 
before the batteries are connected directly must pass through the protection circuit. Where the function is clear 
enough, namely to protect or protect the battery due to excessive load (over load) or short circuit at the load. If it is 
desired that the output of electricity from this PLTS in the form of alternating current electricity (AC) then the PLTS 
can already discharge the direct current (DC) power must be connected to an electronic circuit / electronic module 
called Inverter DC-AC. Where Inverter DC-AC function to convert electric current direction (DC) become electric 
current back and forth (AC). Once the electric current is converted to alternating electric current, the output of this 
inverter which has the form of alternating current can be directly used to supply electrical equipment and electronics 
that require alternating current. The magnitude of the voltage and output power that can be connected to the load 
must be in accordance with the ability of the inverter used and the size of the storage system used (the amount of 
ampere hour (AH) or the amperage of the battery). In this research, we tested the effect of solar angle on the output 
of solar cell. It aims to find out how big the influence of the angle of the sun comes and also how big the influence of 
the angle can be ignored. The way of testing is done as Figure 3. 
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Figure 3 : Testing the influence of the direction of the sun angle to the output of the solar cell (A) the direction of ray 
perpendicular (B) the direction of the rays to form a certain angle. 

The installation of a solar cell panel in a position perpendicular to the direction of sunlight as Fig. 3A is done to find 
out the maximum output, while to know the effect of sunlight direction on the output panel is done by changing the 
direction of solar cell panel every 10� to reach Angle 45� to the coming sun angle as Fig. 3B. From these steps can 
be known the influence of the direction of sunlight on the output of solar cell panels. Data collection of sun position / 
angle is required. It aims to know how big the shift angle of the sun at a certain time interval. This data retrieval is 
done from 9:00 to 16:00. Test results can be seen in Table 1. Using the data in Table 1 above can be made graph of 
the relationship between open circuit voltage with time, as in Figure 4. 

Table 1. Results of stress, current and power testing for various angular positions of solar cells 

 

 

 

Figure 4. Graph of the relationship between the open circuit voltage to the time on the solar cell. 
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 Based on Figure 4. explains that the average measurement value of open circuit voltage in the solar module 
angular position position of 3.654 V and obtained the average value of short circuit voltage when the solar module 
upright position (horizontal) of 3.934 V. Differences in open circuit voltage results (Voc) obtained because the solar 
module always positioned perpendicular to the sun so that the results obtained will be larger than the solar module 
with the position to form an angle. Furthermore, to know the comparison of short-circuit current to time can be seen 
in Figure 5. 

Figure 5 illustrates that the current generated by the solar module that forms an angle greater than the 
current generated by the solar module in the horizontal position has a static property, this occurs because the 
irradiation captured by the solar module on the position of forming a larger angle so that The current captured in the 
position to form a larger angle because the greater the irradiation value the greater the irradiation value. From the 
measurement result data, it is obtained the measurement value of the average short circuit current in the solar module 
in the position of forming an angle of 0.498 A and obtained the average value of short circuit current when the solar 
module is perpendicular (horizontal) of 0.28 A. For Knowing further about the magnitude of the ratio of the output 
power to the time in the solar cell, can be seen in Figure 6. 

 

 

Figure 5. Graph of the comparison between short-circuit current to time on solar cell. 

 

Figure 6. Graph of the comparison between the output power of time on the solar cell. 

 

From the open circuit voltage (Voc) and the short circuit (Isc) obtained at the time of testing the resulting 
output power by multiplying the fill factor (FF) in the sury module so that the graph of the ratio of output power at 
the angle position with the solar module at position perpendicular. The average output power generated at the 
moment of the solar module positioning an angle of 7,648 W and obtained the average output power value when the 
solar module position is perpendicular (horizontal) of 4,382 W. 
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4. Conclusion 

From the results of design analysis of solar power generation system with 10 WP solar panels can be 
obtained the following conclusion: 

(A). Characteristic of the Design that is, the position of the angle of the solar module when following the direction of 
the movement of the sun produces an average open circuit voltage (Voc) of 3.654 V and the average current of short 
circuit (Ioc) 0.498 A and the horizontal position creates an average voltage Average The open circuit (Voc) is 3,934 
V while the average current short-circuit (IOC) 0.28 A 

(B) The position of the slope angle of the solar module when following the direction of the movement of the sun 
produces Output Power (Pout) of 7,648 W and the position perpendicular (horizontal) produces Output Power (Pout) 
4.382 W. 
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